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This is a modified Conse,nt Order of the original Consent Order, which became effective

on April 22;2010. The purI)oss of this Modified Consent Order is to 1) modify of the

Distribution Section of the Toxic Substances Contuol Act (TSCA) section 5(e) Conserrt Order

Processor of the multi-walled carbon nanotubes in a liquid polSnner form for use i" E, ono

I INTRODUCTION

Under the authority of $ 5(e) of the Toxic Substance Control Act f'TSCA') (15 U.S.C.

2604(e), the EnvironmenfuI Protection Agency ("EPA" or "the Agenct') issues'the attached
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Ordei, reganling promanufacture notice ("MI8) P-09-0188 for tho chemioal substaorce, multi-

wall certim nnnotubes (?IWCNTs1 (the '?MNsubstaacd'1, submitted by I
('the Company'), to take efect upon expiration of tlie PMN rwiew period. The Company
l

submittod tLe PMN to EPA pursuant to section 5(a)(l) ofTSCA and 40 CFR Paft 720.

Under $ 15 of TSCA, it is uiilawfirl fo any person to fail or efirse to comply with any

provision of$ 5 or any order issued ufidei $ 5. Violators may be subject to various penalfies aud

to both criminal and civil liability prrsuanr to $ I 6, and to specific inforcement md seiane

pursuant to 
| 

17.. In additio4 chemical substancos sutject to ail Order issred.under $ 5 of

TSCA, such as this onq a," sobi""t to tte $ 1 2(b) export notice requiremeirt.

II. SUMMARY OF-TERMS OF TIIE ORI}ER

The Modified Conseirt Order for this PMN substance requires the Company to:

1. submit to EPA certuin toxicity testing on the powder form of the PMN substance before

excsedidg either the specffied production volume or a specified tirne period; 
.

2. befare a qpecified tirne period, submit to EPA ctrtaiil material and physical-

chemical data on the PMN substance in the powder form;

3. require workers to weax personal prptective equipment including gloves, chemical protective
: i

clothing and goggles in the work area r'vhenever reasonably likely to be dermally expoged to

the PMN substance in the work area;

4. whenever workers ars reasotrably likely to be exposed to the PMN substance by inhalation

require workers to wear a Nl0SH-certified air-purifuing tight-fitting full-face reqpirator

equipped with N- 1 00, P- 1 00, or R- 100 filter; a Nl0SH-certified powered air-purifidng

respirator $dth a loose-fitting hood or helmet and a HEPA filter with documented evidence of
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an APF of 1,00i]; a Nl0sH-certifierl continuous flow supplied air-purifyrng respirator with a

loose-fittiug hood or hehnet and a HEPA filter udth documented evidence of an APF of

1,000; or a Nl0sH-csrtified continuous flolu supplied air-pr:riffing respirator with a loose-

, fittiog hood or hel:net and a HEPA filter with documented evidence of an APF of 1,000,

excepf when the PMN substance is in the following fonns:

. ' in a liquid pollaner form u.ith a coucenhation of the PMN substance equal to or

. below TYo,provided the activify doss not generate fl y4por, mist, or aerosol; or

' ernbedded in a solid polymer form with a concentration of the PMN substanee

equal to or below 30% provided the activity does not generate a dust;

5. use and distoibute the PMN substance only for the following us$s specified in the PMN:

6. not use the PMN substance for commercial or cotrflrmer use, or in a ibnsumer product

(quantities ofPMN substance that are completely reacted. cured- or emb..edded as described

in the Order may be used for commercial or consune,r use, or in a consumer product);

uot manufacture the PMN substance in the United States;

provide the IJ.S. EPA with a 1 g sa:uple of the PMN substance upon request by EPA;

distoibute the PMN zubstance only to a person who agrees to follow the same restrictions

applicable to the company (except the testing requirements) and to not fi:rther distribute the

PMN zubstance until after it has bee,n completely reacted (ctrred), incorporated into a

7.

B.

9.
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pol5rm.er malrk that itself has been ieaoted (cured), or embedded into a golid pol5m.er fonn

wiftr a conceahation ofthe PMN substance equal to or below 30%;

10. not release the PlyIIr[ subshnce to the watqs of the Uuiteil States errcspt where the PMN

substance is eoqbeilileil in a solid poly-ner form wifl a concentration of the PMN substance

equal to 6 below 3U/o; and

11. mainbin relevmt recorrds.

A Consent Orila for Processors is attached to exiend these requirements to my Processor.

In surirmary, the "Scope ofApplicability and Ex-emption" section ofthe @er e4mpls the

following:

f. ipantities of the PMN substance that-hnve been gqtiplcfely teacteil (cured), inco,rporated or

mbedded inio a polym.er mahix ftat itself has heen reacted (ored)" or ornbedde<t in a

p€rmaf,€rrt solid polym.er fqgm with a concentation ofihe PMN substance equal to or below

' 
30o/o tltilwill not undqo fu.her pocossiag ex.cdpt for mechgnical proccssing. Th cse

exemptions do not ryply bryond &e uses tbaf aro specifically arthorized by ttc Order in the

md Proc6siDg aod Use sectiols, but do allow use for commercral or

cotrsumer usg or in a consumer product

2. quantities dcsignated sdlely for export before the C,ompany commences import of the PMN

substmce.for use wt&in the United States;

' 3. resealch & dwelopnent (T.&D);
:

4. the PMN subshnee as a bylnorluct without sqrarato commercisl intcnt; and

5. the PMN substance in a substancg mixture, or article with no sqlarate commercial Inqposa
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Liquid polymer form with a consentration of mnhl substance
uid

J. Solid polymer form with a concenffation of the PiVIN substance u
form"):
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4. The PMN also describes the final end use form of the PMN substance. For this Modified
Consent Order, this form is described as being completely reacted (curefl, incorporated
or embedded into a polym.er makix that itself has been reacted (cured), or embedded in a

. pemianent solid polymer form with a concentration of the PMN substance to or
below 30% that will not r:ndergo further processing, except for mechanical processing
("PMN suhstance that is reacted, cured, or embedded in a permanent solid

&
1I'

i *;

polymer').

[Jsel

Specffic:

Ge,neric: electic conductive filler to replace conventional material sucJr as carbon bla.c-lq or

carbon fiber in matices such as polymerresin for conductive applications.

Maximum lz-Month Production Volumet fl kdyr; Import only.
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Tqst Data Submitted with PMN:

s Toxicity to bacteria;
s Chromosomal aberrations in cultured human cells;
o Skiq sensitization in rnouse l:*ph node assay;
. Aoute dermal toxicity in the rati
. .A.cute oral toxicify in the rat;
c Acute eye irritation in rabbits;

. Iuhatracheal insertion of,single-walled carbon nanotubes produced inflammatory
.. reactions in mouse and rat lungs, with fibrogenic respotrses (MSDS);

.. Study of the granulomehy of the carbon nanotube powder;

. Coating witr a polystyrene polSnner protects against respiratory toxicify of carbon

r In vitra mammalian cell gene mutation in L5"178Y TK+/- mouse llmphoma cells;
. Adverse efFects of industrial multiwalled carbon nanotubes ou human pulmonary cells;
r Degladation and release of pollmer nanocomposites exposed to ultraviolet radiation;
. Baseline carbon nanotubeE air sanrpling condusted at the

Absence of carcinogenic response to IvtWCNTs in a 2-year bioassay in the peritoneal
cavity of the rat on an analogous substance to the P.MN;

ffi,'ffilffi ;*T-ffi:*T;##,lrJI,#;T-speckometvtodetsruine
released from a viscous paste consisting of

MWCNTs following vigoqous manipulation.

lv- EPAIS $ssEss.I{ENr oJ RrsK
,'

The following are EPA's predictions regarding the probable toxicity, human exposure

and environmental release of the PhfN substance, based on the information currently available to

the Agency.

Human Healtb Fffect$ Summaryi

Absorption is expected to be poor via all routes for the manufactured substaace, based on test

data for,chemicals q/ith similar molecul_ar slrlctrrreq and chgqlcals with similar

physicaUchemical properties. Data on the PMN substance and other analogous zubstances
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indicate the poteirtial for generation of increased amounts of respirable or absorbable particles

. furing processing and use of nanoscale materials. Much more evaluation is needed to detefinifle

the toxicify of nanoscale materials for all routes of exposure. There are coilcems for Iung effects,

based on &e EPA Respirablc, Poorly Solublo Puticulates chemical category. See

www.epagov/oppt/newchems/pnrbs/cat02.htm*tRespirabla Baseil on test data for aoalogous '

chemicals there are ctmcerns for pulmonary toxicity, fibrosis. cardiaoge,licitg mutagenicity, and

irmunotoricify ofthe PMN substanca Therc arc also data suggesting tliat puhonaly
',..'dqiosition ofsomo nanoscale malqials, including.carbon nanofults in the agglorirerated fo.,rm,

uay induce cildiovasculutoxicity when these nanoscale materials are intaled. Tte qajrx

hcalttr concems- are- for potatial putnonry toxicity, fibrosis and canoer to workers exposed via

inhalation, The Plr,tt sirbs.bnce as panu&ctr,id tested negative for {o, seo.sitization in lhe
,.,.

Ircal Lymph l.Iode Assay (LLNA) ad was slightly irritating in an aptte ileryal initdion study
,:

in rabbits. Based on the unoertainty ofthe chraoterization arit exilosure qfnaaoscalemalerials

in general" thrre may be additional potenfial for tanslocation afoss the dermis and e, ects on

target orgas.

Environmental Effects Summaxy:

Toricify from carbon nanolf [f) exposures has been reported in many aquatic species

at concentrations much higher than any estimated solubility limits. Even though Ct{Ts are not

appreoiably water soluble as maflufactrued, aqueous CT{T suspensions can be easily made

through reaction with strong acids, ozone, or dispersing agents. Recent laboratory research

shows thutll cornbine with dissolved orgenic matter (DoM) to forrr stahle aqueous

srrspffisions. No studies on CNTs are available in which a broad range of production methods,
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sources) pwification, fi:uctionalization, etc. were investigated. EPA expects that some fraction

of the CNTs, if released into the environment, will eventually becoms suspeilded in water.

Sublethal eff.ects have been noted for single-walled carbon nanotubes (SWCNT) in flsh at levels

as low as 100 ppb.Noted effects included respiratory ske$s, ventilation rate, gill mucus

secretion, gill darnagg and aggressive behaviors. Liver cell iqiuries were also readily apparent at

these exposurs levels and suggest the possibility of liver tumor forrration ovetr longer exppflyo

periods. This response is also notable because effects were seen in cells closest to blood vessels,

]ome effecJs in the -

gut lumen *"r* rI*o observed at these exposure levels. Further stud.ies need to be conducted

concertr, Such studies nustmeasure actual

concenfrations of carbon nauotubes and confuol for the effects of contaminauts, solvents, ffid

physical factors such as blookage of grlls or intestines. Before such testing is conducted,

advanced fate testing would be necessary to asqertain what substance is likely'to present the

highest e,nvironmeqtally rel evant concentations.

lltrlanufacture Processing Use Consumer

# Sites Imported lr It N/A

Workers
(#/site)

Irnported lr ilr N/A

Exposure
(days/year)

lru.po#d ilt fl None.,,
expected



Manufacture Processing - Use Gonsumer

Inhalation
Exposure
(ms/day)

lmported

-

None
expected

Dermal Exposure
(ms/day)

Imported r I None
expected

Drinking Water
Exposure
(mg/kglday)

lmported None
expected

Releases to all
environmental
media
{days/year}

lmported Idays Idays' lrlone
expected

Release to Water
(kg/day)

Irnported I I None
expected

Fugitive Air
Exposure
(mslkslday)

lrnported None
expected

.t;
-4"

..! E'Y,Ll

Risk to 'Workers: 
The PMN substance may present a risk to workers exposed to the PMN

substance via inhalation. In the table a.bove, the worst case worker inhalation value it f

f dwingprocessing. As the PMN substance is manufactured,'1% ofthe

paticles are expected to be in the respirable size, though test data included with the PMN
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Envltonqental ntst: The arhount of Phdlr{ substauce expected to be released into the

environment, in the absenie of site-specific risk managenae,nt practices described in the noticg
i

would tead to surface water conce,ntrations that exceeded environmental toxicities id€ntifie,il by

EPA. Therefore, the attached Order prohibits releases of the PMN substance to surface water

except for the solid polyndr form with a concentration of the PMN substance equal to or below

30%,. :
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- V. EPA'SCONCLUSIONSOFII\TY

The following findings constitute thc basi's ofthe Modifed Constnt O!al€,r:

(a) EPA is unablo to dctcmine the potential for e.ffoctsto hnman health aud the eovironmeat

'from 
arposure to the PMN strbstance EPA therefore concludes, ptrsuart to $ 5(e)(1)(A)(i) of

TSCA, that the iaformetion available to the Agmcy is ins.irfficient to.pemit a reasoned

. evalu4ion of the huom heallh and enlmpental effocts of the PM'I sr$statrcc.

(b) In Iight of the potential risk to hrman health and tle environmeart pogod by the uncontolled

manufactrne, impor! processing distribution in Commerce, usq anil disposal of the PMN .

,:
zubstaacd, trA das conclurled, pursuant to $ 5(e)(1)(A)(ii)(I) of TSCA,that unpntoUed

manufacmg imlorg prooessin! distibution in oooperce, use ad disPosal of fte PMN

sobstmce may present m ureasonable risk of iq'ury to humm health and the environmeol
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coordination with other ongoing health effects testing for the PMN substances nationally and

internationally-

in the PhmD. The Company may propose alternative methods,

gurdelines, or representative sets subject to EPA's approval,

Characteristie or

Property

Guideline or method

Release of

MWChlTs after

Iandfill disposal

EPA Method l32A: Multiple Exhaction Procedure to determine tle

fraction ofM[CNTs released dr:ring the leacbing that the liquid poly:ner

fonns wilt undergo from refetitiveprecipitation of acid rain. Method I320

uses EPA Method 13 I0B: Extraction Procedr:re (EP) Toxicity Test

Method and Stnrctural I"t*grrty Test as the basis for the multiple

extraction method. Chapters 3 Fd 4 cited in Section 7.L7 of Method

13108 refer to chapters in the SW-846 "Test Met4ods forEvaluating

Solid Was{e, Physical/Chemicnl Methods". HoweVer, instead ofusing

these enalyses methods, the analysis of MWCNTs in the exfuacts should

be perfonned using EPA Method 100.1: Analytical Method for

Determination of Asbestos Fibers in Water, which has an analytical:

sensitivity of qpproximately 1.3 frell, for a MWCNT that is 10 nm!
l. An allowable altemative analytical

approach would be to use Raman specfroscopy (see Liu et aI., PNAS,

2008, 1 05(5), I410- 141s).
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Characteristic on

Froperty

Guideline or method

Release of MWCNTs

during the burning of

liquid pollmer forms

Consult ASTM E1354-09: Standard Test Method for Heat and

Visible Smoke Release Rates for Materials and Products Using an

Oxygen Co:rsumption Calorimeter as the basis for this test. For

example, this test method was used to determine the flammability of

polyamide 1I and 12 nanocomposites (see Lao et d., J. Comp. Mat

2009,43, 1803-1818). Given that the airbonre fraction of MIICNTs

is of interest; the ASTM E135+09 test would have to be modified so

that saurples of the off-gas could be collected and analped.for

MWCNT conte,rrt. For the anatytical mittrod, consider using methods

developed for airborne asb'estos fibers found in Appendix A to

Subpart E-Interim Transmission Electron Microscopy fu dytigul

Methods found h 40 CFR Part 763. ] may want to consult

with Dr. Marc R. Nyden, Building and Fire Research Laboratory,

National Institute of Standards and Technalogy, Gaithersb*g, MD.

Release ofMWCNTs

from after expoure of

liquid no]:aner forms to

sunlight

Polyrneric resins are known to degrade after exposure to sunligfot.

(see Polyner Photodegradation: Mechanisrns and Experimental

Methods, J.F Rabek, Chapman and Halt, London IlK, 1995). Thus, if
,..

the MWCUT containi.ng resins were exposed to sunlight, they are

expected to degrade and release free MWCI-rITs into the environmeut

(see Nguyen bt al., Degradation of NanofiJler Release of Pollnner

Nanocomposites Exposed to tlltraviolet Radiation, NIST,

Gaithersbtrg, [4-D). ASTM D2565-g9(2008] Standard ]ractice for

Xenon-Arc Exposure of Plastics Intended for Outdoor Applications

should be consulted-
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The Company may zubmit the follo*ing euvironmental exposurs data oil a rjepresentative set of

solid polymer forms of the PMN substance (E,PA identified

iu the PMN). The

Companymaypropose alte.l:native methods, guideliries, or representative.sets subject to EPA's

approval

Characteristic or

Property

Guidelin* or method

Release ofMWCNTs

after landfill disposal

EPA Method 1320: Multiple Extoaction Procedure to detennine the

ftaction of MWCNTs released during the leaching that the solid

polpner foilnt will undergo from rryetitive precipitation of,acid raih.

Method 1320 uses EPA Method 13108: Extractiori Procedure (EP)

Toxicity Test Method and Structural Inaegnty Test as the basis for

the multiple extr-action method. Chapters 3 and 4 ditsd in Section

T .17 of Method 13 l0B refer to chapters in the SW-846 "Test

Methods for Evaluating Solid Waste, Physical/Chemical Methods".

However, instead of using these analyses methods, the analysis of

MWCT{Ts in the'exhacts should be performed using EPA Method :

100.1 : Analytical lVlethod for Determination of Asbestos Fibers in
'Water, 

which has an analytical sensitivity of apprgximately 3..3 pg/L

for a MWCNT that is

I]" An alter:rative analytical apprqach would be to use.Raman

spectoscopy (see Liu et aI., PNAS,2008, 105(5), 1410-1415).

Release of MWCNTs

during the burning of

solid polyner resins

Consult ASTM E1354-09r Staridard Test Method for Heat and

Visible Smoke Release Rates for Materials and Products Using an,

Oxygen Consr:mption Calorimeter as the basis for this test. For

examplg this test mettrod was used to detemline the flammability of

polyamide 11 and 12 nanocomposites (see Lao et al.,J. Comp. Mat,

2009, 43, 1803-1818). Given that the airborne fraction of MWCNTs

is of interest, the ASTM E135+09 test would have to be modified so

that samples of the off-gas could be e,ol.l.ected and anal5zed for
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MWCNT cortent. For the analytical method, consider using m,ethods

developed for airtonre

ft may want to consult

with Dr. Marc R. Nyden, Building and Fire Research Laboratory

National Institute of Standards and Technolory, Gaithersburg, MD.

..Characteristic or

Property

Guideline or method

Release of MWCNTs

from after Expbwre of

solid polyqer foms to

sunlight

Pofuaaeric resins are known to degrade after Expoflre to suulig[t.(***

P o l1mr er Photo degradation : Mech anisrn s and Exp erimental Metho ds,

J.F Rabek, Chapman and Hall, London U,K, 1995). Thus, if the

MWCNT containing polyrner forms wore exposed to sunlight, they

are expected to degrade and release free MWCNTs into the

environment (see Nguyeu et aI., Degradation of Nanofiller Release of

Polymer NanoconFosites Exposed to Ultaviolet Radiation, NIST,

Gaithe,rsburg I@). ASTM D2565-99(200S) Starrdard Practice for

Xenon-Arc Fxposure of Pfastics Intend,ed for Outdoor Applications

should be consulted.

Release of MWCNTs

dr:ring solid polyner

form shipping and use

which are resil based composites

3l), Presumably the

M$fCNTs would also be released from the solid resins during

nnechanical agitation of the solid resins. Mechanical agitation could

potentially ocs pr during shipping and fansfer of the

confi{ng solid resins. ft should develop a testing protocol

to detennine if MWCNTs are released from solid resins furing

mechanical agitation. While ro standard methods exist,

should corisider dgvetoping a sinrple short-term test consisting of

plaung the solid pol5mer forms in a standard rock turnbler and 
.:

determining the amount offree I\{WCNTs after a period of 1,5, 15,



ilr ' t.

i34 xrx

J *d 30 days to screen for significant release of MWCNTs from the

solid polymer forms.



o+f,to 
teho

'gft'o-

LY"s
UNITED STATES ENVIRONHIENTAL PROTECTION AGENCY

WASHINGTON, D.C. 20460

OFF]GE OF CHEMICAL SAFETY
AND POLLUTION FREVENTION

tED CONSENT ORDER

L scqpE qFAppLrcABrL,ITy AryD E)ffiMpTrONS_-------.

(a) S.gope. The requuemeirts of this Order applyto atl commercial manrrfacturing, processing

distribution in commerce, use and disposal, in the Ilnited States, of the chemigal substance multi-

\ryallecl carbon nanorubes ("M-wcNTs]) (the "pMN substance") byl.] f,th*

Compant'), except to the extent that those activities are exempted by paragraph (b). The Orieiilal

Cqnsent Order, Which became effective on April 22,2070, will be superseded by the Modified

Consent Order once the Modified Consent Order becomes efflective.

(b) Exemptions. Manufacturing, processing, distribution in commerce, use and disposal of the

PMN zubstance are exe,mpt from the requirements of this Order (except the requireme,rrts in the

Recordkeeping and Successor Liabitity Upon Transfer Of Modified Consent Order sections) only

- lnternet Address (URL). ntp'fi,r*,r.*p".gou
Recycled/Recyclable r Printed with Vegetable Oil Based lnks on 1 0O7o Postconsumet Process Chlorine Free'Recycled. paper



t
'..2 , '{

to the extent that (1) these acfivities are conducted in fulI complimce with all applicable

rcquiremenb of the following *omptioas, and (2) such compliance is documented by apprcpdate

recorUkeeping as required in the Recordkeeping section bfthis Order'

(1) Comolctelv Reactpd. Crreil or Enbexlded. If quantties of the PMN substance (A) are

used solely br the uses authmized in pur"grrpt (") of thelvlanufactming section and by

paragraphs (a) aad O), ofthe ProdessingfiJse section ofttis Ortle4 and (B) those quantities have

beeo (i) co,mpletely reacfed (cured); (ii) iucorporated or embedded into a polyna matrix that ibelf

has been reacted (cupd); (iii) or emberlded in apermanent solid polSm.er form with a

concentration ofthe PMN zubstance equal to or below 30plo that is not intmded to undergo fiuther :

processing except for mechanical pocessing; then the other requirements of +his dei do not

apely.

(a hg4 Until thc Compaay beg,ns commercial uanufacture oithe PMN zutstance for

, use in the United Statcq the rcqufu€meirb of lhis Onls do not apply to maurifrctrc, prrooessing or

,tely for orport in accordance with TSCA $12(a)dishibtrtion in commercd ofthe PMN substance so

and (b), 40 CFR 720.3(s) and,l0 CFR Ptr1707. Howwer, once fte Companybegins to

manufacfise the PMN substrnce fo( use in tie Uniteil States, no furlher activities by the Company

involving thc PMN substmoa ee exemlrt as "solcly for .eryrorf' even if some amormb of the PMN

substaace re larcr orpomed. At that point, the requirements 
.of 

lhis Order apply to all activities

associated with the PIvIIrl subshtrce while in tho territory ofthe United.siatcs. Prior to leiving

U.S. mritory, eve,n {hose quaotities or batches of the PMN substance that are <Iestined for urport

are suf3ect to terms of the Order, aud count bwards eyproduotion volume tcst tigg€rs in the

Testiug section of this @er. ; .

(3) Research & Dcvelopmat f'R&D'1. The requirments,of 
fis 

Order do not apply to



.E

. :y

(

J

il. TEEh4[i OF M+NUFACTTIRE. IMPO, R:r-, PROCBSSING.
DISTRIBUTION IN COMMERCE" USE" AND qJSpO$A+

PBNDING SUBMISSION AND EVALUATION OF NVNONNANUON

PROHIBIfiON

The Company is prohibited from manufacturing, importing, processing distributing in

commerce,using,ordisposingofthePIVIhIsubstanceintheUnitedStates,foranynouexernpt

commercial puqpose, pe,nding the development of information necessary for a reasoned evaluation
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of the human health and enviionmental effects of the substancg md the ompletion of EPA's

review of,, and regulatory action based o.n, thaf inform*ion, except in accordace with the

conditions deilcrrlbert in this Onter.

lESTTNG

(a) Sec{ipq S(e) Rgportinq. Repo,rts of igfounatio1 qr the PMN substece which re&sonably

. mppgr8 the conclusioqthat the PMN srbstmoo pesents a qutstantial risk of injury to heal-th or tte

elrvironment qd wtigh ii rquired to be reported under TSCA gection.SG) shzill referencc the

appropriate PMN itleotification number for this sublhce arrd oontain a state,ment that lte :

.

substace is subjoct to this Modified Consent Order. Additional informalion regmding swtion 8(e)

reportin. g &q.ufue@cnts ean be ftund at www,Ea.govfoppt/tsca8e. .

.I..
:

(b) Notice of Studv Schedrdine. The Companv shall notifu. in miting; the EPA Iaboratory Dda

Infegrity Branch (D25A),$e of Enforceineirt and Compliance Assurmcei U.S. Envirotrm€otal .

Protection Agcnoy, 1200 Pennsylvania Avenue N.W., Washington" D.C. 20460 ofthe following

irformation within ld da5n of sc,heduling an. y sturty requirid to be performed pursuant.to this

Order, or withio 15 ilayp after the e,ffective datc of tiis @q, whichever is l*dr:

(1) The date wheir the study is scheduled to commence;

(2) The narne and address ofthc laboratory whic,h will conduct the study;

(3) The name anil telephorc number ofa person at the Company or the laboratory whom

EPA may contact regarding the study; and

(4) The appropriate PIvIN identification number for the substance and a statement that the



substance is subject to this Modified Cousent Order.
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W Maierial Ch+f-+cterization and Physical-Chemical Propa{e-q- The Compariy must submit

the following material characterization data on the PMN substance in the powdered form

(including data summaries arrd procedures), and is sfrongly encouraled to send in proposed

procedures before conducting the studies to allow EPA review. Description of the physical-

chemical properties of the malerial tested and material characterization tests should take into.

consideration the characterizations identified in the Guidance Manual for Sponsors of the OECD

Sponsorshjp Programme for the Testing of Manufactrrred Nanomaterials. These tests shall be due

18 months after expiration of the PMN review period. The Company m.ay propose alternative

methods or guidelines subject to EPA's approval.

Production Limit Test Gurdeline

III
] kg, whichever

90-day inhalation toxicify tes!
with a post-exposure
observationperiod of up to 3
m onths; bronchoalveol ar
lavage fluid FALF) analysis,
aggregation/ag gl omeration
statg shapg size/sjze parficle
dishibution and zurface
properties of materialg as-

adrninistered, aggregation/
agglorneration statq shape,

size,/size parti cle disfuibuti oh
and surface properties of
rnaterials of the delivered
materials ffier
admini stuation, determin ati on
of cardiovascul ar toxi city
heart histopathology, and data
on puhnonary deposition.

OP.PTS 870.3465
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Characteristlc or Property Guideline or method

r Transndssion-electron microscopy (TEM)

[r Soanning electron microscopy (SEM) and TEM

X-ray diffraction (XRD)

r SEM & TEM

XRD

-

)(RD

Particle sizes of catalyst used in the manf. of the
,rooarll

Vendor specifications

Particle shape Optical microscopy and surface area

measure,rnents

Optical microscopy and surface area
measurexne,rlts

Particle srrrface to volume ratio Optical microscopy and surface area

me-asrrre,mgnts

Agglome,ration Optical microscopy and surface arsa
r!'reasu.rmenJs

Particle surface area measurement Optical microscopy and surface area

measurements
Dustiness test Deutsches Institut ffir Nfirmung (,.DIN:') EN

15051 method

(e) Test Reports. The Company shall: (1) conduct each study in good faith, with due care, and in

a scientifically valid mturne,r; (2) promptly fumish to EPA the results of any interim phase of each

study; and (3) submit, in triplicate (with an additional sanitized mpy, if sonfidential business
l

infonrration is involved), the final report ofeach study and all undertying data f'th* report and

data') to EPA no later than 14 weeks prioi to exceeding the applicable production }imit. The final

report shall contain the contents specified fu 40 CFR 792.185. Underlyrng data shall be submiued

to EPA in accordance with the applicable "Re,portingi', "Dataand Reporfing"; and {'Test Report"

subparagraphs in the applicable test guideliues. However, for purposes of this Modified Consent
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Order, the word "should" in those subparagraphs shall be interpreted to mear "shal[" to make clear

that the submission of such inforuration is mandatory. EPA will not requiie the submission of raw

, data such as slides and laboratory notebooks unless if EPA finds, on the basis of professional

judgmeir! that an adequate evaluation of the study cannot take place in the absense of these items.

(g) EquiVq.cal Data. If EPA finds that the data gemerated by a study are scientifically eryivocal,

.,
the Company may continue to manufacture and import the PMN zubstance beyond the 

-applicable

production lihit. To seek relief from any otherrestrictions of this Order, the Company may make

a second attempt to ottain rruequivocal dataty'recondueting the study under the conditions

specified in pardgraphs (b), (c), and (eXU an,t (2). The testing requirements may be modified, as

recessaly to permit a reasoned evaluation of the risks presented by the PMNT substaace, onlyby

muflral conseut of EPA and the Company

ft) EPA D4emninationpf Invalid Data

(I) Except as described in subparagraph (hX2) of this Section, if, withiil 6 weeks of EPA's

receipt of a test report and datE the Comp4ny receives vrritten notice that EPA fi-uds that the data

generated by.a study are scientifically iilialid, the Company is prohibited from further nnanufacture

and import of the PMN substauce beyoud the applicable production limit.

(2) The Corypany may continue to manufacture and import the PMN substance beyond the

ty if so notified, in srriting, by EPA in response to the Company'sapplic#le production limit only if so notified in srriting, by EPA in responsr

I

t t-
G.t
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compliance with either of the followiug subparagraphs ftXzxi) or ft)(z)(ii).

(i) The Company may reconduct the study in compliance with p.aragraph* ft), ("),

and (e)(1) uod (2). Ifthere is sufficieart time to recondrrct the study and subuiit the're;nrt and data
.5

to EPA at least 14 weela before exceqding the production lim.it as required by subparagraph ("X3)

of ttris Section, the Company'shall comply with subparagraph (eX3) of this Section. If there is

insuffieient time for the Company to comply with subparagraph (fX3) of this Sectiou, the

Company may exseed the production Iimit and shall submit +.he report and data in triplicate to EPA

withia a reasonabfe period of time, all as specified by EPA in the notice descrihed in subparagraph

(hxl) of this Section. EPA will respond to the Cornpany, in urriting, within 6 weeks of receiving

the Company's report and data

(ii) The Company may, within 4 weeks of receiving from EPA the notice described

in subparagraph (hXU of this Section, subnrit to EPA a nritte,n report refuting EPArs finding.

EPA will respond to the Comparry, in writing within 4 weeks of receiving the Company'i feport.

(il Company Determination of Invalid Data.

(I)Except as described in zubparagraph (1X2) of this Section, if the Company beoomes

avuare that circumstairces clearly beyond the control of the Company or laboratory will preveut, or

have preventd development of scientifically. valid data under the conditions specified in

paragraphs (c) and (e), the Compmry remains prohibited from fuither manufacture and import of

the PMN substance beyond the applicable production limit.

{2} The Company may submit to EPA, witbin 2 weeks of first becoming ar4rars of such

circumstances, a writterr statement explaining why circrrmstancm clearJy beyond the control of thp ',

Company or laboratory will cause or have caused developmeirt of scienffically invalid data, EPA
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will notify the Company of its resporse, in rxrriting, witlrjn 4 weeks of receiving the Company's

report. EPA's wdtten response mfly either:

(i) .ilo* the Company to continue to manufactrue and import the PMN substance

beyond the applicable production limit, or

(ii) require the Company to continue to conduc! or to reconduct, thg sfudy in

compliancewithparagraphs (b), ("), and (e)(1) and (2). Ifthere is sufficient time to conduct or

reconduct the study and submit the report and data to EPA at least 14 weeks before exceEding the

productio" lryt as lequired by subparagraph (e)(3) of this Segtion, the Company shall eomply

with subparagraph (eX3) of this Section. If there is insufficient l.rt for the Compauy to comply

urith su.bparagraph (eX3) of this Sectio4 the Company m.ay exceed the production limit and shall

submit the report and data in friplicate to EPA within a reasonable period gf time, all as qpecified

by EPA in the notice described in subparagraph (ixz) of this Section. EPA rnrill respond to the

Company, in writing, within 6 weeks of receiving the Company's rqport and data, 
1s 

to whether

the Company may continue to manufacture and import beyond the applicable production limit

U) Unreasoqable Bisk.

(U EPA may notiff thg Cgmpany in writiug that EPA finds that ttre deta generated by a

study are scieirtifically valid and unequivocal and indicafe tha! despite the terrrs of this Orde1, the

PMN substance will or may present an uffieasonable risk of injury to human health or the

environment- EPA's notice may specify that the Company undertake certain actions concer:ring

fi.uther testing, manufacturg impoqt, processing, distributiou, use au#or disposal of the PMN

substance to mitigate €xpo$rres to or to better characterize the risks presented by the PMN

zubstance. Withtn 2 weeks from receipt of such a notice, the Company must cease. all
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manufactmg import, processing, disffiution,.use and disposal of the PMN substance, unless

either:

ft) O_ ther EEuiremnents- Regardless of the satisfaction of any other conditious in this Testing

section, the Compary must co:rtinue to obey all the terms ofthis Modified Consent Order until

otheiwisE notified in writing by EPA. The Company may, based up.or subrnitted test datn or other

relevant information, petition EPA to modify or revoke provisions of this Modified Consent Order

pursuant to Part VI of this Mofified Consent Order.

PROTECTION IN THE WORT(PLACE

(a) Establislment of Prpgram. During manufacturing, processing, and use of the non-exempt

PMN zubstance at any site contolled by the Company (includtng any associated packaglng arld
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storage and during any cleaning or mafuitenzurce of equipment associated with the PMN zuhstance),

the Company must establish a program whereby:

(1) Appticable Protective Requirements for Different For:us of the PMN Substance, The

Company shall determine a:rd imple,rne,lrt 1fos minimum dennal aud respiratory personal prcrtective

equipment requirementq for the differelrt fonns of the PMN substance according to the following

table:

Physical Forms Maximum
concentration of the
PIWN iubstance

Minimum Ilermal

-

Protection
Minimum..-r.1--.r-.

Besbiretorry

Powdered' Any Full general and
specific dermal
protection required in
a(2) and a(3).

Respiratory prt
required in a(5,

tiquid polymer form Less than or equal to
7o/s 

:

Full general and
specific dennal
protection required in
a(2) and a(3).

None required
prci-riided thene:
gene,ration ofv:
mist, or aerosol

the concentratit
the Pldlli substr

less than or equ

7o4, otherrlrise

respifatory prot
requirsd in a(5)

Solid polymer form Less than or equal to
3A%

If there is no
generation of dust and
the concenkation of
the PMN substance is
less than or equal to
3}o/o, notre required.
Other:rrise, full general
and specific dermal
protection required in
a Q\ and a (3).

If there is no
generation of d
ttre coucentratir
the PMN substr

less than or eqt
30Yo, none rfir
OtherwisE restr

protection requ
a(5).

;d thene is no
ion ofvapor,
, aerosol and

centration of
N substance is
n or equal to
rerrnise

,orry protection

r of dust ahd
ntration of
substance is
lr equal to
e reqrlired. .

:, reqpiratory
r requirsd ir
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tZ) General Dermal PJotection. When required by the table in subparagraph a(I) of this

section, each person who is reasonably likety to b1 dennally exposed in the work area to the PMN

substance through direct handting of the substance pr through contaot with eiiuipment on which fhe

subqtance may exist, is required to wear, at a minimum, personal protective equipment that

provides abarrierto preve,ut dermal exposure to the substance as specified in the minimum dermal

protection columu of the table in subparagraph (aXl) in the specific work area where the substance

are helected for use. Each such item ofpersonal protective eguipment must be selected and used iu

accordance with OSHA dermal protection requirements at 29 CFR 1910. 132,1910,133, and

1910.138. 
i

(3) Specitc Defmat Protegtive Eguiproenrl When required by the table in subparagraph

(uXl) of this section, the dermal personal protective equipment required by subparagraph (aXZ)

must includq but is not limited to, the following'ite,rns:

,r\ 
^,(i) Gloves impervious to the PMN substanca

(ii) ,FuIl body clothing impervious to the PIvIITI substance.IUII} tt' TIIE IAYIJ.

(4) Demonstration of Ixnpenriousness. The Compary must be able to demonsffate that

e4ch item of chemical protective clothing selected, including gloves, provides an impenrious

barrier to prevent dermal exposure during normal and expected duration and conditions of

exposure within the work area by any one or a combination of the foltowin$:

/:\ rfio-{l** rf'^-r-:-* +L^ *^+-*i * 4^a*f-,^ ^l^+Li.(i) Testing. Testing the material used to make the chemical protective clothing and

the constmction of the clotfting to establish that the protective clothing will be impervious for the

expected duration and condifions of exposure. The testing must srrbject the chemical protective

clotfting to the expected conditions of exposure, including the Iikely combinations of,,chemical ,

substance fo which the clothing may be exposed in the work area* Testing may be conducted
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according to the American Society for Testing and Materials f-ASTM") F739 "Standard Test

Method for Resistance of Protective Clothing materials to Pernreation by Liquids or Gases."

Results shall be recorded as a cumulative penuea{on rate as a function of time, and shall be

documented in accordance with ASTM F1Sgusing the format specified in ASTM FI 194-Bq

"Guide for Documenting the Results of Chemical Psffiieation Testing on Protective Ctothing

Materials." Testingmay also be conducted according to the ASTM F1671-07 "sttrrdard Test

Method for Resistance of Mate,rials Used in Protective Clothing to Penekation by Blood-Bofite--

Pathogens Using Phi-X174 Bacteriophage Penetration as a.Test Slntem". Gloves may not be used

for a"fime period longer than th*y are actually tested and must be replaced at the end of each work

shift during w'hich they are exposed to the PMN substance.

(iiJ Man-ufacturer's Sgecifications. Evaluating the specifications frou the

manufacture,r or srrpplier of the chefirical protective clothing, or of the material used in

conshuctiou of the clothing, to establish that the cheinical protective clothiqg wifl be impenrious to

the Phfir[ substance alone and fu likely combination'qrith other che.mical substance in the work

area- 
.

(5) Respiratory Protection. TVhen required by the table in subparagraph (a)(1) of this

segtion, each person ,*rho is reasonably likely to be .e*pol*d by inhalation in the work axea to the

PMN zubstance, is provided with, ffid is required to wear? at a minimum, a MOsH-certified

respirator from the respirators listed in subparagraph (a)(6) of this section, and the respirator is

used in accordance with the Occupational Safety and Health Administration ("OSIIA") and

NIOSH respiratoryprotection requirenaerts at 29 CFR 1910.134 and 42 CFR Part 84. AII

respirators must be iszued, use{ and maintained according to an appropnate respiratory protection

program under the OSIIA requirements in 29 CFR 1910.134.

lIri

E ' ' d_i
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' (Q Anhorized Resp.irators. The foilowing NlOSH-certifid respirators

p6st th6 minimrrm requircqents for solparagraph (a)(5) offtis section: MOSH-certified air-

purifying tight-fifring futl-facerespirator equipped \rift N:100, P-100, or R-100 flIteq aMOSII-

certifieil powereil aii-purifying respirator with a ioosefiftiag hood or helmet and a HEPA filter

with documented evidernce of an APF of 1,000; a MOSH-certifiod ocintinuous flow supplied air-

. pud$ ing rEspiratm with a loosefitting hood or hetaet aud a IfiPA fil.t€r with docuaenter|

eyiderice qfan APF of 1,000; or a M0SH-certified continuous flow supdiA air-purifying

. rcspirafor with a loosefitdng hood.or helnet and aHEPA filter wilh dlocumented evidffice ofan
,:

APFof I,000.
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(b) Elport Onl:r. The Company shall not manufacture the PMN substauce in the United States.

(c) Prohibited Usgs. The Cornpany shall not:

(1) manufacture or import the PMN zubstance for use other than as:

II;
(2) manufacture or import the non-exeffIpt PMN substance for commercial or consumer use, or in

a corlsumer product

(d) Sample.. The Comp{f shall provide to EPA a t grarn sample of the PMN substauce as

specified by EPA in a future written request along with a copy of the MSDS for the zubstance.

PROCESSINGANI} USE

(a) The Company shall uot process or use the PMN substance other than as:

ft) The Company shall not process or use the norl-exempt PMN substance for couimercial

or consumer usg or in a coil.sumq,r. Frgdrrct. :
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(d) Emporary Transport and Storasq. Notwithstanding paragraphs (e) and (0 in this Distribution

sqction, the Company may disffiute the PMN zubstances outside the Company for tempormy

kansport and storage in sealed containsrs provided the following'two conditions are met:

(U Subsequent to auy such exempt ternporary hansport or storage of sealed containers, the

FMNsubstanceSmaybedistributedonIytotheCompanyortoaDisfuibuteecompliantwith

paragraph (e) or (f).

(2) Any hr:man exposure or environmeffal release rezulting from opening the sealed '

containers and removins or washing out the PMN zubstances may occur only while the PMN
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zubstances are in the possession and contol of the Cornpany or a Diskibutee comptiant with

paragraph (e) or (fl.
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Protechon in t}e Hlorkplace section.

(4) Not process or uss the non-exempt FMN substance other than as:

(f) Cohsent Ordef forProces.sor.

, (1) If the Company distuibutes the PMN substances to Distributees who wilt further

distribute the PMN substances in ari a non-exempted and unmitigated state, before the attached

Modifid Conseart Order .for Processor expires 75 days after promulgation of a final SNUR

goveming all of the PMN substances,'the Company shall disfribute the PMN zutstances outside

the CompanS other than fog diqposal, only to a Distributee who'has signed the Consent Order for

A) The Company shall obtain fronr eash suoh Processor a signed copy of the Consent 
.

Order for Processor and submit the copy to EPA along with the name, address, ffid telephone

number of a responsible official of the Processor. The Processor or Company must receive a fully

executed sopy of the Consemt Order for Processor from EPA before the Processor may begin to

process any of the PMN substances.
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' . (c) SrmsetfolowinsSNuR.

(1) If the Companydistributes the PMN substances to Dishibutees who wilt fi:rlher

distribute the PMN substadces iia a non-exempted md an uomitigated state, before fhe

' thePMN subshaces, the Coupany shall dishibutc the PMN substanoes, otiler rhan for {isposal,

. only to proc€ssom who have signed the atached Conspnrffier fof Prcc€sso,r itr acoorrlanie with ' . .

paragrryh (f) of this Distrtution section, Afta the atecheal Conseat Order for Pnocessor apires

75 dap after pfiomulgatic,t of a fual SNUR goveming all of the PMN substances, the Compmy

_ 
shall distribute the pMtt srbstinces cinly to Distibutees who comply with the requirements

specifie<t in paragraph (e) ofthis Dirtibution section,

(2) Paagra$s (e) antt (D offrisDishibution section shall exp.ire 75 da5n aftei

promulgiation of a ffnal SNUR ftrr the PMN subst nces under section 5(a)(2) of TSCd unless ihti

Company is a6tifierl o,n or be,fore that day of m acfon in a Fertsal Cort seeking judicial rerriew

. qf the SNUR Ifrho Companyis so totife( par4grehs (e)(2) and (f) of this Dishibution sectioa

shall not expire until EPA notifies the Company in yniting that all Fderal Cdurt actions iavolving

the SNUR have been reiolvtd aad the validity of the S\UR affinned"

(3) When EPA promulgates a fiaal SNUR for the PMN subshnces and paragrapL (e) of .

this Distribution section oqrires in accordaace with subparagraph (g)(2), the Company shall notiS

. each Distibutee tci whom it distribues the PMN substaaces of the er.dstence of the SNUR. Such

notificalion must ba in writing and must specifically inolude all limitations contained in the SNUR

which are defined as simificatrt ne\y uses, and which would invoke significant new use

notificatioa to EPA for tle PMN substinces, SuA notice must also reference the publication of

2I
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ftre SNUR for these PMN substances in either the Federal Register or the Code ofFederal

Regulations. Afterpromufuationof a SNUR md orpiration ofpaagraphs (e)(2) an{ (f), such

. notice may substitrte for the writtrn agreement required in the inkoducto.ry clause ofparagra.ph

(f); so tbag if the C.ompanyprovides such notioe to thr Digtx:bu1oe, thsn the Compmy is not
,

required to obtain fiom such Distsftutee the wdttea agreement sPccified in paragraph (9).

Howev€r, eva abseirt such writen agreemm! the Company remains obliga&d to comply with the

'T.ecipient Non-Compliancd' paragraph (h) below.

(h) RWipient Nog4omo.liancp, tf, at anj'time after mmnencing distribution in cqrmtxoe of tho

lMN substrrces, the Comlany obtains lnowledge that a recipi€qt (incl.uding d Processor) of the

PMN substances bas failed !o conply with any of the applicable 'conditions specified in paragraphs

upls (e) on(D expires in acco.rdance with

puagraph (gX2), has eogeged in a sipiflcani new use of the PM}.I substaces (as rtefinert b,,t0

CFR Part 721, Subpart E) withor* submiting a significant new lse notice to EPA, the Compasy

shall cease supplying the subst p ces to that recipien! mless the Company is able to docum€nt

' earh oflhe following:

. (l) That the Compaay has, within 5 working days, notified the regipi€tlt ir writing that the ,

rccipleot has failed to comply with any ofthe applicable conditions specified in pragraphs (e) or

(f) of this Digtribution secEo,o, or has engaged in a sipificmt new use ofthe PMN sirbstaaces

without submittiag a sienificant new use uotice to EPA. .

(2) Ilat, withia 15 working tlays ofnotifuing thc recrpient ofthe noncompliancq the

., rr - : Oompayrcceived ftrom the recipia! in writing a stat€mmt of assuraaoe-that tle recipient is

aware of fte atrrplicable tems ofparagraphs (e) or (f) of this Dishibution sootioq and will comply

tl},4

r , , ,-l-,
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with those terms,'or is aware of the tetms of the significant new uss rule for the PMN substances

and will not engage in a siguificant ne.r# use w'itlout zubmittirg a signifiqant new use notice to

EPA.

RE_qo.Erpr{ffiEPuTq

(a) RecordS. Afier the effective date of this Order ffid, consistent with any other requiremexrts
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under TSCA, the Company shall maiutain the following records until 5 years after the date they

are created and shall make theur available for inspqction and copying by EPA iq aceordance with

section l1 of TSCA:

(1) Bxpmotio{s. Becord,s docrmenting that the PMN substahce did in fact qualify for any one or

moae.of the exmptions dixcribed in Section I, Paragpaph (b) of this Older. Sucih reoo,rds must

satisff all the statutory aard reguldory recodkeeprng requirements applicable to the exemption

being olairaed bythe C.ompany, Aay amo.unts or batches of the PMN substanoe eligible for tho

Exput €xemptio4 in SeCtion I, Paragmph (b)(2) of this Order, are exernpt from all thq 
. ..

. requiremn* in tLis Recordkwping section, ifthe Company maintains, for 5 yeas fton the rlate of . . 
.

their oeatiom, copies of the exlnrt label and ocport notice to BPA r€quir€d by TSCA sections .

' l2(a)(l)@) and l2(b), respccrively. Any amo.un8 or batrhes of the PMN substance eligible for

. the Resea-ch md Detreloiment exernption ia Sectioa ! Paragraph (b)(3) of this Order, are €x€mpt

fiom all the requiremmts in this Recoidkeeping section, if the Company maintainq for 5 years

from the <Iate of their creatiotr, the reoords roquirctt by 40 CFR 720.78(b). For any amounts ot
:

batc.hes of the PMN substmc€ claimcd to 6e eligible for any olher exerirption described in Section

. I, Paragrah (b) of rhis.Order, the Company shall keEp recqrds (lmonstratisg qualificstion for that

exe,mpion as well as the reoords qpecified in pralaphs (2) an<1(3) below, but is a.anpt from the

other recordkeeping requir€tnents in this Recbrdkeeping secion;

(2) Records documenting the manufactue and importation volume of ttre PMN substance

and the correnponding dates ofmaufacture and impor!

(3) Records docume.oti4g the "a"'es aud addresses (including shipr.ent ilestination

address, ifdifferent) ofall persous outside the site ofmanufacture or import to whbm the

Company directly sells or transfers the PMN substancg thc date of each sale or haasfer, ad the
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quaotity ofthe substaace sokl oi tramferred on such date;

(4) Roconls docuaenting the addresses ofall iites ofmanufactrq impo4 processig and

use; .

I

(b) Aep1icehillEl The provisions ofthis Recordkeeping Section are applicable only to activides

of the Com. pany and its Contract Manufacfurer, if applicable, aud not to activities of the

Company's cuhtomers. l

(c) OMB Contol Nr:mber. Under the Paperwork Reduction Act and its regulations:at'S CFR Parf

lS}I,particularly 5 CFR 1320.5(b), the Company is not required to reqrond to this 'ucollection of
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information" unless this Order displays a crurently valid control number frora the OfEce of

Manageanent and Budget (*'OMB'), ffid EPA so informs the Company. The "collection of

inforrnatiou" required in this TSCA $5(e) Modified Consent Orders has been approvgd under

crurently valid OMB Control Number 2070-0012.

IV. REOTIESTS FOR PRF-INSPECTION IMORIUAJTION

(a) EPA'p Regu€.t &E Isfprnatio. & Prusuant to sectim I I of TSC,A, and 40 CER 720,122, BPA

. may occasiqnally confipt on-site compliance inspections of Company frcilities aad mnve5ances

associad with the PMN sutstaqce. Tofacilitate such inspections, EPA personnel may oontact the

Compmy in advmce to request information pertinent to the scheduling and conduct of such

inspeotions. Such 
lequests 

may be writtaa or oral. .The tSrpes of informdion that EFA mayrequcsi

may mcludo b.nt me not limited to, the following:

(i) Firpected dates anil times uihen lhe pmf substame will be in.produotion within. the

subsequent 12 mmths;

(ii) Curmt worlryhift scheihrles fm workers who are rnvolved in activities associ4tsd with

the PIMIiI substance md may reasombly be exposed to the PMN s:ubstance;

liii; Current5ot tittes or categgries for wolkers who arc involved in activities associated

with the PMN substance and may reasonably be exposed to tlie PMN substmcE

(iv) Existing exposure monitoring data for *orkers who re involved in activitics

ubstancc md may reasonably be orposed to the PMN substaace;assosiated with the PMN s

(v) Rocords rquired by the Rccordkeqing section of this Oriler; and/or

(vi) Any o,ther inform*ion rgasgnabff refatett to iletermining compliance urith this Ords ol . 
.

conducting an inspeaioar for that pr.rpose.
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ft) Company's Response, T,he Company shall respond to such requests within a reasonable period

of tiuie, but in no event'later than 30 days after receiving EPA's request. When requested in

*ritiog hy EPA, the Compant's rssponse shall be in $ryiting. To the extent the iuformation is

Icnoum to or reasonably ascertainable tq the Company at the time of the request, the Company's

response shall dennonstrate a good faith effort to provide reasonably accurate and detailed answers

ft) RelflFion of Tiansfer Date to Notice of C@rercgnenlL (:t{OC")-.

. (1) Befqre NOC. ffthe tansfer'from the Company to the Successor in Interes is effective

before EPA receives a notice of commencsment of manufacture or import ftIOC') for the PMN

zubstance from the Companypusuant to 40 CFR 7}}.l}Z,theSuccessor in.Interest must submit

new PIWIs to EPA and comply tully urith Section 5(a)(1) of TSCA and 40 CFR pxt720 before
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comfirencing manufactrrre or import of the PMN substance.

A) After NOC. If the transfer from the Company to the Successor in Interest is effective

after EPA receives a NOC, the Successor in Interest shalt comply with tJro terms of this Order and

:

shall not be required to submit new PMNs to EPA.

(d) Nodces.

. (1) Notice to S-uccessor ih Iatpresr On or befrre the effeaive date ofihe tansfer, the

Company shall prolide to the Sucoessor iu Interesl by registened mail, a copy of the Modified

Conseut Orrder and fhe 'Notice of Traosfedl document which is incorporated by reference as

Athcbment C to this Order.

I'l.tr'.

l- I f .e:
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(e) Li&iiits. ,

the effective date of the kansfer described above,

(2) The Successor in Interest shall be tiable for compliance lsith the requirements ofthis

(3) Nothing in this section shall be constnrd to prohibit the Agency from takitig

emforcement action against the Company after the effective date of the tansfer for actions take,rr, or

omissions made, during the time in which the Company manufactured, procsssed, use4 diskibuted

in commetrceT or disposed of the PMN substance pursuant to the terms of this Modifled Consent

Order.

(f) Obligations to Submit-TestDataunderModifigl Consent Order. Ifparagraph (d) ofthe
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Testiug sectign of this Modified Consent Order requfues the Cornpany to submit test data to EPA at

a specified production volum.e ('test kigger), the aggregate volume of ths PMN substance

manufactured and imported by the Company up to the date of hansfer Fhull count towards the test

higger applicable to the Successor in Interest.

Thp Company may petition EPA at any tirne, based upon nsrry information on the health

effects of, or humau. expogu.re to, tle PMN substancel to modiff or revoke substantive provisions

ofthis Order. The exposures mdrisks identifiedby EPA during its review of thePMN substance

and the information EPA determined to be necessary to evaluate those exposures and risks are

described in the preamble to this Order. However, in determiring whether to amend ot rerroke fhis

Order, EPA will consirier all relevant information available at the time flie Agency mal<es that

detemfuatiorq including, where appropriate, any reassessment of the test d*aor other information

that supports the findi; * this Onder, an examination of new test data or other infonnation or

ana]Vsis, and any other relevant information-

EPA will issue am.odification or rnevosation if EPA determines that the astivities proposed,.{
therein will not prese,lrt an Hreasonable risk of i"j"ry to heatth or the environnient and will not

result in significant or substarrtial hurnan Bxposure or zubstantial envirarunental ."I#e.lnthe \

absence of data sfficiena to permit a reasoned evaluation of the health or environmental effects of

fue PMN substance:

tion- the Comuanv nlav uetition EPA at anv'time to make other modifications to theIa addition, the Compaily firay petition EPA at any'time to make othe --- -

language of this Order. EPA will iszue such a modification if EPA detennines that the

modification is usefi;I, appropriate, and consistent wilfi the structure and intent of this Order as

issued.

VI. MODIFICATI VOCATION OF MOD
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ical Control Division
; ofPollution Prevention and Toxics

talt'{ [=aro
Date Name:

Title:



ATTACHMENTA :. N 4

DEFII\MIONS

[Note: Ihe attscheit Oidet rnlry not contain some of the terus dizfaed belowJ

"Chemical namd'means the scieutifc dcignetion of a.chemical subst nce i[ accordatrcc

witli fte nsmenolatur€ syslm dwelopod by the Inftirnational Union of Pure aad Applied
Cher"isty on the Chp,mical Abshactp Servioe's mles of nomenclature, or a namo which will clearly
idatifr a cheoical substance for the prqpose ofconducting a hazd evaluation"

"Chemical proteotivo clo&ing" meaus items of clolhing tlat provide a protective barrier to
.preve, tdermal contac{with chemical substance of cd,trc€m. Exmples can includg but are not
limitedto:.fu11. lody prof,ec'tivg clothirig boots, coveralls, gloves' jackeht ad pants' 

.

"Compan5i' means the person or persons subjcot to this Ord€rj

"Commercial gse" means the use of a chemical substance or my nixtue eintaining the
- chemioal qutstafte iri a commercial aterprise pmliding saleablo goods or a servlce to ood$rm€rg

(e.g., a conniercial dry clgmhg est blisbD-€nt or painting goneactg.r).

. 'eourtrod traod' aeans arry desipation or itleotifioafon suoh as code nane, oode nuaiber,
trade.nao. g biand namg or gentric che-ical uame usoO tir iAi:ntiry a 

"n 
rnieal cubstmix oth€r

![anbyits &emicalname. 
.]

*Conslmefl'means a privati indivirfual who uses a chemical substanoe o,r anyl4oduct
mataiainglhe chemical substaoce i[ or arcund a pemment or temporar5r houstholil-or residencey

during reereetion, or for aoy personal use or enjolm.at
:

'Consumer pnoducf means a cheirical substance that is dirtctlg or as part of a mixturg
sold or made available to corsumelrs fc their use in or alound a perman€at or ternporary
household or residence, iri or around a school, or in recrtation.

"Containef rireans oy bag brrel, bottlg box, can, cylindern drum, reaction vessel, storage
t"nh on fte lite that contains a bazardous ciemical. For purposes of this seotior, pipes or piping
systems, and engines, ftel tmls; or ottrer operaling sysffirs in a vehicle, re not consid€red to be
containers.

'Contract Manufacturcd' meaas a person, outside tho Compmy, who is authoriz€d to
manufac.ture and imFort the PMN substance under the conditions specified in Pail II: of this

. . Modified Cons€ff Ord€r mdin lhe Conserrt Ordef, for Contract Manri&rturer.

"Idcntity'' means aay ohairical oi co.mmon name used to identifi a chemical substance or
a mixture containing that substance.

'Tmmediate use." A chernical substuce is fo( the "immediate usd' of a person if it is rmder
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the control o{, md used only by, the person who transfened it from a labeled container and will
only be used by tiet person within the wo,rk shift ii which it is transfered from the labeted
container.

"trnpervious.' Ctelriical proteptive ctoihing is "impe*ioud'to a chemicial substaa.ce ifth. e
substance causesho chemical or mecharipal aegradation" permeation, or penetrition oftle
demical protective clothiag under the conditions of, and the duration of, exposur6-

*IVfainuAdr:ring stream" means all reascinably anticip4ed transie6'flow, o ilisposal of a
cheDtrioal substaircq rpgardless ofphysical dde or c;oncordtion, thqugh all int€nded-opsztions
ofnariufachre, ircluding the cleaoing of equipr.eot.

'I}ISIDS" meais rnd€rial safety data sheet, tho n"rittcn listiag ofdata for the chemical
substance.

'NIOSH" means the National Instifute for Occupational Safetyand Health of the UrS.

"Non-enclosed process" means any equipment system (such a*s an ope,rr-top rgactor, storage
tank, or mixing vessel) in which a chemical substance is nranufactured, processe4 or othe.r'wise
used where significant direct contact of the bulk chemical substance arrd the workplace air may
occur.

'Non.industial use" means use other than at a facility where cheinical substances or
mixtr:res are manufactured, imported, or processed.'

*?MN substance" means the chenaical substdnce described in the Prpmauufacture notice
submitted by the Company relevant to this Order.

'?ersonal lrotective equipment'' mears any chennical protective clothiug or device placed.
on the body to prevent contact wlth, and expoflrre to, an identified chemical substance or substance
in the work axea. Examples include, but are not limited to, che,rnical protective clothing, apronsl
hoods, chemical goggles, face splash shields, or equivalent eye protection, and various fypes of
respirators. Barrier sr_eams are not included in this definition.

- "Process stream" mears all reaso nably anticipated transfer, flow, or disposal of a chemical
substance, regardless ofphysical state or concenffation, througfu a1l iritended operations of
processing, including the cleaning of equipment.

"scientifically invalid" means any significant departure from the EPA-approved protocol
or the Good Laboratory Practice Standards at 40 CFR Pafi792 rvithout prior or zubsequent Agency
approval that plevenfg a reasored evaluation ofthe health or eur.ironmental effects, of the PMN
substance- ' ' 

'

"scientifically equivocal data" means data which, althoug& developed in apparent
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conformity with the Good Iaboratory Practice Standads and EPA-approved protoco.ls, 9re
. inconclusivq internauy incoNisftnt, or otherwise insufficient to p€rmit a re{Boned evaluation of

the potential risk of injury to human health or the environmelrt of the PMN substance. :

"sealed containd' meaos a closed container that is p.hy+oallV and chemically suitatle for
long-te,m containmtzit of tlie PMN substance, and &op which thpre will be no human. exposure to;
nor enviiorm€ntal rele,ase of, the PMN substaace during karsport and storaga

aJro theam'l moms all reasonably mticipated trarrs_f€r, flgxr, or disposal of a ch.mi. cal
srbs@ncg regqdless ofphl,sical state or 

"orc*t 
atiou, tbroug! all inlmded op€ratioDs of

induskial, commircial, oi consuuidr use.
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ATTACTMEFIT E

NOTTCE OF'TRANSFBR OE
TO}ilC SUBSTAFICE CONTROL ACT

SECTION s(e) IIIOIIIFIED CONSrc.I{f ORDER

Company (Transfefor)

I, Transfer ofMauufacture Rights. Effective ofl

PMN Nuurber

:the Company did sell or
otherwise transfer to _ _ . _. f'successor in Interest?) the rights '

and liabilities,associated with marrufachue ofthe above-referenced cheirrical substance, which was
the subject of a premanufacture notice (PMN-) and is governed by a Consent Order issued by the
U.S..Environmental Protection Agency ("EPA") under the authority of $5(4 of the Tbxic
Substance Conhol Act (TSCA, 15 U.S.C. $260a(e)).

2. Assumption of LiabiliEf. The Successor in Interest hereby certifies that, as ofthe effective date
of transfer, all actions or ourissions goverried.bythe applicable Consent Order limiting
manufasture, processing, use, disfibution in comm.*** and disposal of tle PMN zubstanm, shall
be the responsibitity of the Successor in InteresL Successor in lnterest a]so certifies that it is
incorporated, licensed, fi doing business in the United States in accordance i*ith 40 CFR
72a.22{a)(3).

3. Confidqrtial Busine[s Inforryation. The Successorin Interest hereby:

-. 
reassetrts,

_ relinquishes, or

-- 
modifies

all Confidential Business Inform#ion ('CBf) claims nnade by the Comppny, pursuant to Section
14 of TSCA and 40 CFR part 2, fot the FMN substance(s). Where 'teasserts" or "relinquishes" is
indicated, that designation shall. be deem.ed to apply to all' zuch claims. Where "modifies" is
indicated, such nrodification shall be explained in detail in an attaclmnent to this Notice of
Transfer. Inforurration which has beenpreviously disclosed,to the public {q.g., a chemical ideutity
that was not claimed as CBI by the original submitter) would not subsequently be eligible for
confidential teahne,nt uader this Notice of Transfer.



lir'fr

*t r., { :,,"t.,.i

TO)ilC SIIBSTAI{CE CONTROL ACT
SECTION s(e) MODIFXED CONSENT ORIIER

NOTICE OF'TRANSFER
,

(continued)

Co4pany (fransferor)

Signature of Authorized Offi cial

Printed Name ofAuthorized Official

Title of Authorizd Officia1

Successor in Interest

Signahue of Authorized Oficial

Printed Name of Authorized Offi cial

Title of Authorized Official

Address

PMN Numher

Date

Date

City, State, Zip Code
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TG}trC STIBSTANCE CON'IROI, ACT
SECTION 5(e) MODIFIEI) C0NSENT ORDER

NOTICE OF TRANSFER
(continued)

Successor's Technical Contaet

Address

Qitr: State, Zip Code



Focus Report
New Chemicals Program

PMN Number:  P-09-0188

Focus Date: 02/19/2009 12:00:00 AM Report Status: Completed
Consolidated Set:
Focus Chair: Audrey Binder Contractor: Paul Sohi

I.   Notice Information
Submitter: CAS Number:
Chemical Name: Multi-walled carbon nanotubes 
Use:  

 
 

Other Uses:  

 

 
 
 

PV-Max:
Manufacture: Import: X

II.   SAT Results
(1) Health Rating:  2  Eco Rating: 1  Comments: ;

Occupational:   2C  Non-Occupational:   Environmental:   

(1) PBT: 3 U 2 Comments:
Awaiting Human 
Health Entry
Awaiting Human 
Health Entry
Awaiting Human 
Health Entry

III.   OTHER FACTORS
Categories:
Health Chemical Category: Ecotox SAR and 

TSCA New 
Chemical 
Category:

neutral organic chemicals; 

Related Cases/Regulatory History:
Health related Cases:
Ecotox Related Cases:  

Regulatory History:
 - PENDING STANDARD REVIEW
 - PENDING STANDARD REVIEW
 - PENDING STANDARD REVIEW
 - REG 5E CONS. ORDER/TEST TRIG./SNUR

MSDS/Label Information:
MSDS: Yes Label: No



General Equipment: provide ventilation if necessary to control exposure levels belo wairborne exposure limits / if 
practical, use local mechanical exhaust ventilation at sources of air contamination such as process  
equipment/ chemical resistant clothing and gloves/ chemical goggles.

Respirator: above exposure limits, use NIOSH approved respiratory protection
Health Effects: may cause eye irriation/ may cause irritation of respiratory tract/ prolonged or repeated contact 

may dry skin and cause irritation
TLV/PEL (PMN or raw 
material):

 -  - TWA - ACGIH -  - PEL (respirable fraction) - OSHA -  - PEL (total 
dust) - OSHA -  - PEL (5 mg/m3 - respirable fraction; 15 mg/m3 total dust) - 
OSHA -  - TWA - ACGIH -  - PEL - OSHA

Exposure Based Information:
Exposure Based Review: N Exposure Based Review (Health): N
Exposure Based Review (Eco): N Exposure Based (Occupational): No
Exposure Based Review 
(Non Occupatuional):

Exposure Based (Environmental):

IV.  Summary of SAT Assessment
Fate:

Fate Summary: P-09-0188
FATE: 
Solid 
S < 0.001 mg/L at 25 EC (E)
VP < 1.0E-6 torr at 25 EC (E)
BP > 400 EC (E)
H < 1.00E-8 (E)
POTW removal (%)  = U via U
Time for complete ultimate aerobic biodeg = U
Sorption to soils/sediments = U
PBT Potential: P3BU
*CEB FATE: Migration to ground water = U

Health:
Health Summary: Expect poor absorption via all routes (analog).  Concern for irritation to eye, skin, and mucous 

membranes (including respiratory tract) based on analogs.   Concern for lung overload for a poorly 
soluble particulate, and for lung effects, based on submitted test data.  Possible concern for 
immunotoxicity and oncogenicity, based on analogs.

Test Data: Submitted with the PMN:

Rat (F) acute oral (gavage) toxicity LD50 > 2000 mg/kg;
Rat acute dermal toxicity LD50 > 2000 mg/kg;
Eye irritant in rabbits;
Slight dermal irritant in rabbits;
Not a dermal sensitizer in mice.

Submitted with 8e)-

Five-day rat inhalation study NOAEC 0.1 mg/m3, with increased protein concentrations, enzyme 
activity, cytokine and chemokine concentrations, and lymphocyte counts, observed to the end of 
the 28-day recovery period.  In the lung, increased cytokine and chemokine concentrations, organ 
weights, and numbers of macrophages, and granulomatous inflammation.

Submitted with 8e)-

Pulmonary bioassay screening study in rats (intratracheal instillation): 15% mortality within 12 
hours at 1.5 mg/kg, suffocation at 5 mg/kg, with transient pulmonary inflammatory response after 
24 hours, and presence of multifocal granulomas.

Ecotox:
Ecotox Values:



Fish 96-h LC50: *(P)
Daphnid 48-h LC50: *(P)
Green algal 96-h EC50: *(P)
Fish Chronic Value: *(P)
Daphnid ChV: *(P)
Algal ChV: *(P)

Ecotox values comments: Predictions are based on SARs for neutral organic chemicals;  SAR chemical class = 
-multi-walled carbon nanotubes;  ;  solid;  log Kow >> 10 (P);  S = 

negligible;  pH7;  effective concentrations based on 100% active ingredients and nominal 
concentrations;  DW hardness < 150.0 mg/L as CaCO3;  and DW TOC <2.0 mg/L;

Ecotox Factors:
Assessment Factor: 10
Concern Concentration:
 - Acute Value
Concern Concentration:
 - Chronic Value



V. Summary of Exposures/Releases
Engineering Summary:       P-09-0188
  Exposures/Releases Release Release Release
Scenario    

  

        
        

         
        

 
 

 

Workers
Exposure Type

Engineering Summary:    
Exposures/Releases

Release Release Release

Scenario   

  

         
        

         
        

 
 

 

Workers
Exposure Type



V. Summary of Exposures/Releases
Engineering Summary:       P-09-0188
  Exposures/Releases Release Release Exposure
Scenario  

 

         
        

         
        

 
 

 
 

 
 

Engineering Summary:    
Exposures/Releases

Exposure Exposure Exposure

Scenario   

         
        

         
        

 
 

 



V. Summary of Exposures/Releases
Engineering Summary:       P-09-0188
  Exposures/Releases Exposure Exposure
Scenario

         
        

         
        

  
 



VI.    Focus Decision and Rationale 
Regulatory Actions

Regulatory Decision: PMN Standard Review Decision Date: 02/19/2009
Type of Decision:

Rationale: P09-0188 was placed into limited standard review for uncertain health 
concerns for nano sized particles.  Human health concerns are moderate and 
there is a concern for irritation to eye, skin, and mucous membranes (including 
respiratory tract) based on analogs.   Concern for lung overload for a poorly 
soluble particulate, and for lung effects, based on submitted test data.  Possible 
concern for immunotoxicity and oncogenicity, based on analogs.  Ecotoxicity 
concerns were low, due to no effects expected at saturation.  EAB only 
performed a qualitative report due.  The Inhalation Monitoring Criteria for the 
Pilot Program were met for inhalation exposures from processing and use.  
Inhalation monitoring is requested.  Ecotoxicity category is neutral organics.  
For the review process a TI and schedule are needed, but no team is required.

 

 

 

 

 

 

 

P2 Rec Comments:
Testing:

Final Recommended:
Health:
Eco: 
Fate:   
Other:
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SAT Report
PMN Number:  P-09-0188 

SAT Date: 2/10/2009
Print Date: 11/6/2015

Related cases:
Health related cases:  
Ecotox related cases:   

Concern levels:

Type of Concern: Health Eco Comments
Level of Concern: 2   1

          Persistence Bioaccum Toxicity Comments
3 U 2

Awaiting 
Human Health 

Entry
Awaiting 

Human Health 
Entry

Awaiting 
Human Health 

Entry

Exposure Based Review:
Health: No
Ecotox: No

Routes of exposure: Health: Inhalation, dermal, drinking water
Ecotox: No releases to water

Fate:  ; 

Keywords:
                     Keywords:   

Summary of Assessment:

                     Fate:
Fate Summary:     P-09-0188

FATE: 
Solid 



S < 0.001 mg/L at 25 EC (E)
VP < 1.0E-6 torr at 25 EC (E)
BP > 400 EC (E)
H < 1.00E-8 (E)
POTW removal (%)  = U via U
Time for complete ultimate aerobic biodeg = U
Sorption to soils/sediments = U
PBT Potential: P3BU
*CEB FATE: Migration to ground water = U 

                     Health:
                              Health Summary:  Expect poor absorption via all routes (analog).  Concern 
for irritation to eye, skin, and mucous membranes (including respiratory tract) based on analogs.   
Concern for lung overload for a poorly soluble particulate, and for lung effects, based on 
submitted test data.  Possible concern for immunotoxicity and oncogenicity, based on analogs.
                              Test Data:               Submitted with the PMN:

Rat (F) acute oral (gavage) toxicity LD50 > 2000 mg/kg;
Rat acute dermal toxicity LD50 > 2000 mg/kg;
Eye irritant in rabbits;
Slight dermal irritant in rabbits;
Not a dermal sensitizer in mice.

Submitted with 8e)-

Five-day rat inhalation study NOAEC 0.1 mg/m3, with increased protein concentrations, enzyme 
activity, cytokine and chemokine concentrations, and lymphocyte counts, observed to the end of 
the 28-day recovery period.  In the lung, increased cytokine and chemokine concentrations, 
organ weights, and numbers of macrophages, and granulomatous inflammation.

Submitted with 8e)- :

Pulmonary bioassay screening study in rats (intratracheal instillation): 15% mortality within 12 
hours at 1.5 mg/kg, suffocation at 5 mg/kg, with transient pulmonary inflammatory response 
after 24 hours, and presence of multifocal granulomas.

                     Ecotox:

Test 
Organism

Test 
Type

Test End 
Point

Predicted Measured Comments

fish 96-h LC50 *
daphnid 48-h LC50 *

green algal 96-h EC50 *
fish _ chronic 

value
*



daphnid _ chronic 
value

*

algal _ chronic 
value

*

Sewage 
Sludge

3-h EC50 _

Sewage 
Sludge

_ Chronic 
Value

_

 Ecotox Values Comments:    Predictions are based on SARs for neutral organic chemicals;  
SAR chemical class = -multi-walled carbon nanotubes;  MW> ;  solid;  log 
Kow >> 10 (P);  S = negligible;  pH7;  effective concentrations based on 100% active 
ingredients and nominal concentrations;  DW hardness < 150.0 mg/L as CaCO3;  and DW TOC 
<2.0 mg/L;

Factors Values Comments
Assessment Factor 10

Concentration of Concern 
(ppb) 
Acute 

  

Concentration of Concern 
(ppb) Chronic

*

SARs neutral organic chemicals
SAR Class carbon allotrope

TSCA New Chemcial 
Category 

  

Ecotox Factors Comments: 
     

         SAT Chair:  J. Kwiat  
   Fate assessor:   Ecotox assessor:    Health assessor: 



INITIAL REVIEW ENGINEERING REPORT
P-09-0188 
Focus Ready Draft 2/19/2009

ENGINEER: Arnold \ CPW
PV (kg/yr):       

Revision Notes/Assessment Overview: 

SUBMITTER: 

USE: Component of paints, coatings, and industrial composites.

OTHER USES:  
 

 
 

 
 

MSDS: Yes LABEL: No

Gen Eqpt: provide ventilation if necessary to control exposure levels belo wairborne exposure limits/ if practical, 
use local mechanical exhaust ventilation at sources of air contamination such as process equipment/ chemical 
resistant clothing and gloves/ chemical goggles.
Respirator: above exposure limits, use NIOSH approved respiratory protection
Health Effects: may cause eye irriation/ may cause irritation of respiratory tract/ prolonged or repeated contact may 
dry skin and cause irritation
TLV/PEL:  -  TWA - ACGIH -  - PEL (respirable fraction) - OSHA -  - PEL (total dust) 
- OSHA -  

LVE PPE: 

CRSS: (12:00:00 AM):
Chemical Name: Multi-walled carbon nanotubes
S-H2O:  g/L @ 
VP: 0.0E+0 torr @ 
MW: 0     0.0%<500    0.0%<1000
Physical State and Misc CRSS Info:
Neat: Solid     Mfg: Solid
Proc/Form:  

    End Use: . Submitted Data:  
Molecular Weight =  g/mol; Insoluble in water; Insoluble in solvents; Mean Number of 
Walls  

 

 
Estimated Data:  BP > 400 °C (High MW); VP < 0.000001 torr (High MW); 

WS < 0.000001 g/L (High MW).

Consumer Use: No



SAT (concerns): (2/10/2009):

Related Cases and Misc SAT Info:
Migration: Unknown based on SAT
Migration to groundwater: 
PBT rating: P3 B T2 PBT indicated as 3,U,2.
Health: 2, Dermal, Drinking Water, Inhalation
Eco: 1, No releases to Water

OCCUPATIONAL EXPOSURE RATING: 2C

NOTES & KEY ASSUMPTIONS:
Generated by the 06/07/2005 version of ChemSTEER. The following IRER is a NANO case. // The PMN is import 
only; therefore, manufacturing was not assessed. // SAT concerns are inhalation, dermal, and drinking water. // 2006 
Dust model referenced for releases from unloading/loading. //  

 

 

 

POLLUTION PREVENTION CONSIDERATIONS:
None.

P2 REC: 

EXPOSURE-BASED REVIEW: No    (0 criteria met)



P-09-0188 

Processing - 

Number of Sites/Location:  

 

 

ENVIRONMENTAL RELEASES ESTIMATE SUMMARY
IRER Note: The daily releases listed for any source below may coincide with daily releases from the other sources 
to the same medium.

 

 

 



RELEASE TOTAL

OCCUPATIONAL EXPOSURES ESTIMATE SUMMARY
Tot. # of workers exposed via assessed routes: 
Basis: 

Dermal:

 

  

Inhalation:

 

  

INHALATION MONITORING DATA REVIEW
1) Uncertainty (estimate based on model, regulatory limit, or data not specific to industry): Yes
2) (a) Exposure level > 1 mg/day? No 
     (b) Hazard Rating for health of 2 or greater? Yes
Inhalation Monitoring Data Desired?  Yes (both criteria met) 

Dermal:

 

.



P-09-0188 

Use - 

  

  
 

  
 

ENVIRONMENTAL RELEASES ESTIMATE SUMMARY
IRER Note: The daily releases listed for any source below may coincide with daily releases from the other sources 
to the same medium. Note: submission provided description or releases, but no actual release estimates. Submission 
indicated an unspecified release amount from filtering.

 

 

RELEASE TOTAL

OCCUPATIONAL EXPOSURES ESTIMATE SUMMARY
Tot. # of workers exposed via assessed routes: 
Basis: 

Dermal:



 

 

 

INHALATION MONITORING DATA REVIEW
1) Uncertainty (estimate based on model, regulatory limit, or data not specific to industry): Yes
2) (a) Exposure level > 1 mg/day? No 
     (b) Hazard Rating for health of 2 or greater? Yes
Inhalation Monitoring Data Desired?  Yes (both criteria met) 

Dermal:
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STANDARD REVIEW EXPOSURE REPORT 
 

Quantitative exposure assessment for a nanomaterial based on Standard Review Engineering Report of 
3/31/2009. 

 
 Chemical ID:     P090188                                                               Reviewer: Delpire 
   

Results Table: Dose, Concentration, and Days Exceeded Results Summary 
 

Exposure Scenario1 Water Landfill Stack Air Fugitive Air 
Release activity(ies)2; 
exposure 
calculation(s)3 

Drinking Water Fish Ingestion 
7Q104 

CC=1 

PDM 
Days 

Exceeded
LADD ADR LADD ADR LADD 

ADR LADD ADR LADD 

mg/kg/day mg/kg/day mg/kg/day mg/kg/day μg/l # Days mg/kg/day mg/kg/day mg/kg/day mg/kg/day mg/kg/day 

PROC: max ADR, 
max LADD, max 
acute eco, PDM 

7.22E-02 5.41E-04 0.87 1.16E-02  254 5.85E-05 4.80E-04 2.74E-05 4.82E-03 1.10E-04

USE: max ADR, max 
acute eco, PDM1 9.50E-03 --- 0.12 ---  22 --- 1.25E-04 --- 1.78E-03 --- 

USE: PDM2 --- --- --- ---  145 --- --- --- --- --- 

USE: max LADD --- 2.85E-05 --- 6.10E-04 --- --- 8.51E-06 --- 2.82E-06 --- 4.54E-06
1 Exposure scenario titles consist of release activity followed by exposure calculation abbreviation. 
2 Release activities are from engineering report's Manufacturing (Mfg), Processing (Proc) and Use release activity 
labels. 
Multiple release activities are combined in one exposure scenario if their releases occur at same location. 
3 Exposure calculations are Acute Dose Rate (ADR), Lifetime Average Daily Dose (LADD), and Probabilistic 
Dilution Model (PDM).  There may be one, two, or all three exposure calculations per exposure scenario. 
CC is the aquatic concentration of concern. 
4 This column displays concentration values for the 7Q10 streamflow, which is defined as the average streamflow of 
the 7 consecutive days of lowest flow within a 10 year period. 
 
Remarks: This is a bounding “what if” scenario assuming 0% removal in wastewater treatment, rapid 
migration to groundwater, 0% destruction in incineration, BCF=5000, and COC=1ppb. 
 

Exposure Based Criteria 
 

Parameter Exp Based Persistent Exceedance Value 
Drinking (Surface) Water Dose (mg/kg/day) N/A Yes 7.22E-02
Fish Ingestion Dose (mg/kg/day) N/A Yes 0.87  
Inhalation Dose (mg/kg/day) N/A Yes 4.82E-03
Groundwater Dose (mg/kg/day) N/A No  
Surface Water Release After Treatment (kg/yr) N/A No  
Total Release After Treatment (kg/yr) N/A No  
 
Fate test recommendations:  Please see the May 15, 2009 memorandum from Jed Costanza to Kristan 
Markey for EAB’s fate test recommendations. 
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STANDARD REVIEW EXPOSURE REPORT 
 
 

Chemical ID: P090188        Assessor: Delpire 

ENVIRONMENTAL RELEASES 

 Scenario#:1        Number of Release Sites:            

 Release Activity: PROC: max ADR, LADD, PDM 

 Release Description: WATER LANDFILL 

Non-sludge/Sludge  

STACK FUGITIVE 

Total Releases:     

 (kg/yr) (kg/yr) (kg/yr) (kg/yr) 

     

  Non-sludge/Sludge   

Release Days/yr:     

Per Site Release:     

 (kg/site/day) (kg/site/day) (kg/site/day) (kg/site/day) 

 
Remarks:   
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STANDARD REVIEW EXPOSURE REPORT 
 
               Chemical ID: P090188 
 

SIC-CODE BASED  HUMAN AND AQUATIC EXPOSURES TO SURFACE WATER RELEASES 

SCENARIO #: 1 Number of Sites:  RELEASE ACTIVITY:PROC: 
max ADR, LADD, PDM 

SIC-CODE DESCRIPTION:  

SIC-CODE (S):  EXPOSED POPULATION: Adult 

 

WWT  
REMOVAL 

(%) 

 
RELEASE 

DAYS 

PRETREATMENT 
RELEASE 

(kg/site/day) 

POSTTREATMENT 
RELEASE 

(kg/site/day) 

DWT 

(%) 

 
BCF 

(L/kg)  

0.00                     

 
 

AQUATIC EXPOSURE ESTIMATES - SURFACE WATER 

PLANT 
TYPE 

% ILE 
FACILITY 

STREAM FLOW (MLD) STREAM CONC. (μg/l) 

  Harmonic 
Mean 

 
30Q5 

 
7Q10 

 
1Q10 

Harmonic 
Mean 

 
30Q5 

 
7Q10 

 
1Q10 

ALL 50         

ALL 10         

 
 

DRINKING WATER AND FISH INGESTION EXPOSURE ESTIMATES 

 
Exposure Units 

Drinking Water Results Drinking 
Water Units

 
Fish Ingestion Results 

Fish 
Ingestion 

Units 

 50% 10%  50% 10%  

Cancer 

LADDpot  1.57E-05 5.41E-04 mg/kg/day 3.37E-04 1.16E-02 mg/kg/day 

LADCpot  8.05E-04 2.77E-02 mg/L 4.03 138.64 mg/kg 

Acute 

ADRpot  6.36E-04 7.22E-02 mg/kg/day 2.54E-02 0.87 mg/kg/day 

 
 

SIC Code Comments:  
 



6/17/2009  Page 4 of 41 

STANDARD REVIEW EXPOSURE REPORT 
 
               Chemical ID:  P090188 
 

SIC CODE EXPOSURES TO SURFACE WATER RELEASES 

SCENARIO #: 1 RELEASE ACTIVITY: PROC: max ADR, LADD, PDM 

SIC CODE DESCRIPTION:  

ASSOCIATED SIC CODES:  

SIC CODE RESULTS 

 

COC (μg/L) 

Percent of 
Year COC 
Exceeded 

Number of 
Days COC 
Exceeded 

Release 
days/year 

Loading 
(kg/site/day) 

Waste Water 
Treatment (%) 

High/Avg 
Analysis 

1.00 70 254     

 
Remarks: COC exceeded for > 20 days/yr 
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STANDARD REVIEW EXPOSURE REPORT 
Chemical ID: P090188 
 

DRINKING WATER EXPOSURE ESTIMATES FROM LANDFILL RELEASES 

SCENARIO #: 1 ACTIVITY: PROC: max ADR, LADD, PDM 

RELEASE DESCRIPTION:  

EXPOSED POPULATION: Adult 

 
 

 

 
 

NUMBER 
OF 

SITES 

NON-SLUDGE 
LANDFILL 

RELEASE AND 
DAYS OF 
RELEASE  

(kg/site/day)/(days) 

 LANDFILLED 
SLUDGE1  

AND DAYS OF 
RELEASE 

(kg/site/day)/(days)

 
MIGRATION 

DESCRIPTOR2

ADSORPTION 
TO 

WASTEWATER 
SLUDGE 

 (%) 

DRINKING 
WATER 

TREATMENT 
 (%) 

              0.00 0.00 

 

                1     Landfilled sludge equals the fraction adsorbed to wastewater treatment sludge times the surface            
               water pre-treatment release. 
  

                2  Migration Descriptor  Log Koc  Groundwater Concentration (GWC) 
       (mg/L per kg release) 
 Negligible   no migration  None 

Negligible to slow   > 4.5   3.21E-6  
Slow     <4.5 to 3.5  2.67E-5  
Moderate    <3.5 to 2.5  5.95E-5  
Rapid     <2.5   7.55E-5  
 
 

 
      
 

 
        Exposure Units 

 
Results 

ASSUMPTIONS 

ED 
(years) 

AT 
(years) 

BW 
(kg) 

IR 
 (L/day) 

Cancer 

LADDpot (mg/kg/day) 5.85E-05 30.00 75.00 71.80 1.40 

LADCpot (mg/L) 3.00E-03 30.00 75.00 NA NA 

 
 
REMARKS: 
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STANDARD REVIEW EXPOSURE REPORT 
Chemical ID: P090188 

 

INHALATION EXPOSURE ESTIMATES (POST-TREATMENT) 

SCENARIO #: 1 RELEASE ACTIVITY:PROC: max ADR, LADD, PDM 

RELEASE DESCRIPTION:  

METHOD OF CALCULATION: Screen3 

EXPOSED POPULATION: Adult 

 

Number of Sites:     

Per Site Fugitive Release:  kg/site/day 

Fugitive Release Days per Year:  days 

% Removal via Fugitive Release:  % 

Total Fugitive Release:  kg/yr 

Max Annual Average Air Concentration 
(Fugitive): 

 µg/m3 

Max 24 Hour Average Air 
Concentration(Fugitive): 

 µg/m3 

Per Site Stack Release:  kg/site/day 

Stack Release Days per Year:  days 

% Removal via Stack Release:  % 

Total Stack Release:  kg/yr 

Max Annual Average Air Concentration (Stack):  µg/m3 

Max 24 Hour Average Air Concentration (Stack):  µg/m3 

 
 

 
 

Exposure Units 

 
Results 
(Stack) 

 
Results 

(Fugitive) 

ASSUMPTIONS 

ED 
(years) 

AT 
(years) 

BW 
(kg) 

Inh. Rate 
(m3/hr) 

Cancer 

LADDpot (mg/kg/day) 2.74E-05 1.10E-04 30.00 75.00 71.80 0.55 

LADCpot (mg/m3) 1.49E-04 6.00E-04 30.00 75.00 NA NA 

Acute 

ADRpot (mg/kg/day) 4.80E-04 4.82E-03 NA 1 day 71.80 0.55 

 
Inhalation Comments: 
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STANDARD REVIEW EXPOSURE REPORT 
 
 

Chemical ID: P090188        Assessor:  

ENVIRONMENTAL RELEASES 

 Scenario#:2        Number of Release Sites:           

 Release Activity: USE: max ADR, PDM1 

 Release Description: WATER LANDFILL 

Non-sludge/Sludge  

STACK FUGITIVE 

Total Releases:     

   

     

  Non-sludge/Sludge   

Release Days/yr:     

Per Site Release:     

 (kg/site/day) (kg/site/day) (kg/site/day) (kg/site/day) 

 
Remarks:   
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STANDARD REVIEW EXPOSURE REPORT 
 
               Chemical ID: P090188 
 

SIC-CODE BASED  HUMAN AND AQUATIC EXPOSURES TO SURFACE WATER RELEASES 

SCENARIO #: 2 Number of Sites:  RELEASE ACTIVITY:USE: max 
ADR, PDM1 

SIC-CODE DESCRIPTION:  

SIC-CODE (S):  EXPOSED POPULATION: Adult 

 

WWT  
REMOVAL 

(%) 

 
RELEASE 

DAYS 

PRETREATMENT 
RELEASE 

(kg/site/day) 

POSTTREATMENT 
RELEASE 

(kg/site/day) 

DWT 

(%) 

 
BCF 

(L/kg)  

0.00                        

 
 

AQUATIC EXPOSURE ESTIMATES - SURFACE WATER 

PLANT 
TYPE 

% ILE 
FACILITY 

STREAM FLOW (MLD) STREAM CONC. (μg/l) 

  Harmonic 
Mean 

 
30Q5 

 
7Q10 

 
1Q10 

Harmonic 
Mean 

 
30Q5 

 
7Q10 

 
1Q10 

ALL 50         

ALL 10         

 
 

DRINKING WATER AND FISH INGESTION EXPOSURE ESTIMATES 

 
Exposure Units 

Drinking Water Results Drinking 
Water Units

 
Fish Ingestion Results 

Fish 
Ingestion 

Units 

 50% 10%  50% 10%  

Cancer 

LADDpot  2.30E-07 7.93E-06 mg/kg/day 4.94E-06 1.70E-04 mg/kg/day 

LADCpot  1.18E-05 4.07E-04 mg/L 5.91E-02 2.03 mg/kg 

Acute 

ADRpot  8.37E-05 9.50E-03 mg/kg/day 3.34E-03 0.12 mg/kg/day 

 
 

SIC Code Comments:  
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STANDARD REVIEW EXPOSURE REPORT 
 
               Chemical ID:  P090188 
 

SIC CODE EXPOSURES TO SURFACE WATER RELEASES 

SCENARIO #: 2 RELEASE ACTIVITY: USE: max ADR, PDM1 

SIC CODE DESCRIPTION:  

ASSOCIATED SIC CODES:  

SIC CODE RESULTS 

 

COC (μg/L) 

Percent of 
Year COC 
Exceeded 

Number of 
Days COC 
Exceeded 

Release 
days/year 

Loading 
(kg/site/day) 

Waste Water 
Treatment (%) 

High/Avg 
Analysis 

1.00 6 22   0.00 High 

 
 Remarks: COC exceeded for > 20 days/yr 
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STANDARD REVIEW EXPOSURE REPORT 
Chemical ID: P090188 

 

INHALATION EXPOSURE ESTIMATES (POST-TREATMENT) 

SCENARIO #: 2 RELEASE ACTIVITY:USE: max ADR, PDM1 

RELEASE DESCRIPTION:  

METHOD OF CALCULATION: Screen3 

EXPOSED POPULATION: Adult 

 

Number of Sites:     

Per Site Fugitive Release:  kg/site/day 

Fugitive Release Days per Year:  days 

% Removal via Fugitive Release:  % 

Total Fugitive Release:  kg/yr 

Max Annual Average Air Concentration 
(Fugitive): 

 µg/m3 

Max 24 Hour Average Air 
Concentration(Fugitive): 

 µg/m3 

Per Site Stack Release:  kg/site/day 

Stack Release Days per Year:  days 

% Removal via Stack Release:  % 

Total Stack Release: kg/yr 

Max Annual Average Air Concentration (Stack):  µg/m3 

Max 24 Hour Average Air Concentration (Stack):  µg/m3 

 
 

 
 

Exposure Units 

 
Results 
(Stack) 

 
Results 

(Fugitive) 

ASSUMPTIONS 

ED 
(years) 

AT 
(years) 

BW 
(kg) 

Inh. Rate 
(m3/hr) 

Cancer 

LADDpot (mg/kg/day) 7.94E-07 4.54E-06 30.00 75.00 71.80 0.55 

LADCpot (mg/m3) 4.32E-06 2.47E-05 30.00 75.00 NA NA 

Acute 

ADRpot (mg/kg/day) 1.25E-04 1.78E-03 NA 1 day 71.80 0.55 

 
Inhalation Comments: 
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STANDARD REVIEW EXPOSURE REPORT 
 
 

Chemical ID: P090188        Assessor:  

ENVIRONMENTAL RELEASES 

 Scenario#:3        Number of Release Sites:           

 Release Activity: USE: PDM2 

 Release Description: WATER LANDFILL 

Non-sludge/Sludge  

STACK FUGITIVE 

Total Releases:     

 (kg/yr) (kg/yr) (kg/yr) (kg/yr) 

     

  Non-sludge/Sludge   

Release Days/yr:     

Per Site Release:     

 (kg/site/day) (kg/site/day) (kg/site/day) (kg/site/day) 

 
Remarks:   
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STANDARD REVIEW EXPOSURE REPORT 
 
               Chemical ID: P090188 
 

SIC-CODE BASED  HUMAN AND AQUATIC EXPOSURES TO SURFACE WATER RELEASES 

SCENARIO #: 3 Number of Sites:  RELEASE ACTIVITY:USE: 
PDM2 

SIC-CODE DESCRIPTION:  

SIC-CODE (S):  EXPOSED POPULATION: Adult 

 

WWT  
REMOVAL 

(%) 

 
RELEASE 

DAYS 

PRETREATMENT 
RELEASE 

(kg/site/day) 

POSTTREATMENT 
RELEASE 

(kg/site/day) 

DWT 

(%) 

 
BCF 

(L/kg)  

0.00                     

 
 

AQUATIC EXPOSURE ESTIMATES - SURFACE WATER 

PLANT 
TYPE 

% ILE 
FACILITY 

STREAM FLOW (MLD) STREAM CONC. (μg/l) 

  Harmonic 
Mean 

 
30Q5 

 
7Q10 

 
1Q10 

Harmonic 
Mean 

 
30Q5 

 
7Q10 

 
1Q10 

ALL 50         

ALL 10         

 
 

DRINKING WATER AND FISH INGESTION EXPOSURE ESTIMATES 

 
Exposure Units 

Drinking Water Results Drinking 
Water Units

 
Fish Ingestion Results 

Fish 
Ingestion 

Units 

 50% 10%  50% 10%  

Cancer 

LADDpot  6.63E-07 2.28E-05 mg/kg/day 1.42E-05 4.89E-04 mg/kg/day 

LADCpot  3.40E-05 1.17E-03 mg/L 0.17 5.85 mg/kg 

Acute 

ADRpot  2.51E-05 2.85E-03 mg/kg/day 1.00E-03 3.45E-02 mg/kg/day 

 
 

SIC Code Comments:  
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STANDARD REVIEW EXPOSURE REPORT 
 
               Chemical ID:  P090188 
 

SIC CODE EXPOSURES TO SURFACE WATER RELEASES 

SCENARIO #: 3 RELEASE ACTIVITY: USE: PDM2 

SIC CODE DESCRIPTION:  

ASSOCIATED SIC CODES:  

SIC CODE RESULTS 

 

COC (μg/L) 

Percent of 
Year COC 
Exceeded 

Number of 
Days COC 
Exceeded 

Release 
days/year 

Loading 
(kg/site/day) 

Waste Water 
Treatment (%) 

High/Avg 
Analysis 

1.00 40 145   0.00 High 

 
 Remarks: COC exceeded for > 20 days/yr 
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STANDARD REVIEW EXPOSURE REPORT 
 
 

Chemical ID: P090188        Assessor:  

ENVIRONMENTAL RELEASES 

 Scenario#:4        Number of Release Sites:           

 Release Activity: USE: max LADD 

 Release Description: WATER LANDFILL 

Non-sludge/Sludge  

STACK FUGITIVE 

Total Releases:     

 (kg/yr) (kg/yr) (kg/yr) (kg/yr) 

     

  Non-sludge/Sludge   

Release Days/yr:     

Per Site Release:     

 (kg/site/day) (kg/site/day) (kg/site/day) (kg/site/day) 

 
Remarks:   
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STANDARD REVIEW EXPOSURE REPORT 
 
               Chemical ID: P090188 
 

SIC-CODE BASED  HUMAN AND AQUATIC EXPOSURES TO SURFACE WATER RELEASES 

SCENARIO #: 4 Number of Sites:  RELEASE ACTIVITY:USE: max 
LADD 

SIC-CODE DESCRIPTION:  

SIC-CODE (S):  EXPOSED POPULATION: Adult 

 

WWT  
REMOVAL 

(%) 

 
RELEASE 

DAYS 

PRETREATMENT 
RELEASE 

(kg/site/day) 

POSTTREATMENT 
RELEASE 

(kg/site/day) 

DWT 

(%) 

 
BCF 

(L/kg)  

0.00                       

 
 

AQUATIC EXPOSURE ESTIMATES - SURFACE WATER 

PLANT 
TYPE 

% ILE 
FACILITY 

STREAM FLOW (MLD) STREAM CONC. (μg/l) 

  Harmonic 
Mean 

 
30Q5 

 
7Q10 

 
1Q10 

Harmonic 
Mean 

 
30Q5 

 
7Q10 

 
1Q10 

ALL 50         

ALL 10         

 
 

DRINKING WATER AND FISH INGESTION EXPOSURE ESTIMATES 

 
Exposure Units 

Drinking Water Results Drinking 
Water Units

 
Fish Ingestion Results 

Fish 
Ingestion 

Units 

 50% 10%  50% 10%  

Cancer 

LADDpot  8.27E-07 2.85E-05 mg/kg/day 1.77E-05 6.10E-04 mg/kg/day 

LADCpot  4.24E-05 1.46E-03 mg/L 0.21 7.30 mg/kg 

 

       

 
 

SIC Code Comments:  
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STANDARD REVIEW EXPOSURE REPORT 
Chemical ID: P090188 
 

DRINKING WATER EXPOSURE ESTIMATES FROM LANDFILL RELEASES 

SCENARIO #: 4 ACTIVITY: USE: max LADD 

RELEASE DESCRIPTION:  

EXPOSED POPULATION: Adult 

 
 

 

 
 

NUMBER 
OF 

SITES 

NON-SLUDGE 
LANDFILL 

RELEASE AND 
DAYS OF 
RELEASE  

(kg/site/day)/(days) 

 LANDFILLED 
SLUDGE1  

AND DAYS OF 
RELEASE 

(kg/site/day)/(days)

 
MIGRATION 

DESCRIPTOR2

ADSORPTION 
TO 

WASTEWATER 
SLUDGE 

 (%) 

DRINKING 
WATER 

TREATMENT 
 (%) 

             0.00 0.00 

 

                1     Landfilled sludge equals the fraction adsorbed to wastewater treatment sludge times the surface            
               water pre-treatment release. 
  

                2  Migration Descriptor  Log Koc  Groundwater Concentration (GWC) 
       (mg/L per kg release) 
 Negligible   no migration  None 

Negligible to slow   > 4.5   3.21E-6  
Slow     <4.5 to 3.5  2.67E-5  
Moderate    <3.5 to 2.5  5.95E-5  
Rapid     <2.5   7.55E-5  
 
 

 
      
 

 
        Exposure Units 

 
Results 

ASSUMPTIONS 

ED 
(years) 

AT 
(years) 

BW 
(kg) 

IR 
 (L/day) 

Cancer 

LADDpot (mg/kg/day) 8.51E-06 30.00 75.00 71.80 1.40 

LADCpot (mg/L) 4.37E-04 30.00 75.00 NA NA 

 
 
REMARKS: 
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STANDARD REVIEW EXPOSURE REPORT 
Chemical ID: P090188 

 

INHALATION EXPOSURE ESTIMATES (POST-TREATMENT) 

SCENARIO #: 4 RELEASE ACTIVITY:USE: max LADD 

RELEASE DESCRIPTION:  

METHOD OF CALCULATION: Screen3 

EXPOSED POPULATION: Adult 

 

Number of Sites:     

Per Site Fugitive Release:  kg/site/day 

Fugitive Release Days per Year:  days 

% Removal via Fugitive Release:  % 

Total Fugitive Release:  kg/yr 

Max Annual Average Air Concentration 
(Fugitive): 

 µg/m3 

Max 24 Hour Average Air 
Concentration(Fugitive): 

 µg/m3 

Per Site Stack Release:  kg/site/day 

Stack Release Days per Year:  days 

% Removal via Stack Release:  % 

Total Stack Release:  kg/yr 

Max Annual Average Air Concentration (Stack):  µg/m3 

Max 24 Hour Average Air Concentration (Stack): µg/m3 

 
 

 
 

Exposure Units 

 
Results 
(Stack) 

 
Results 

(Fugitive) 

ASSUMPTIONS 

ED 
(years) 

AT 
(years) 

BW 
(kg) 

Inh. Rate 
(m3/hr) 

Cancer 

LADDpot (mg/kg/day) 2.82E-06 4.54E-06 30.00 75.00 71.80 0.55 

LADCpot (mg/m3) 1.54E-05 2.47E-05 30.00 75.00 NA NA 

 

       

 
Inhalation Comments: 
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STANDARD REVIEW EXPOSURE REPORT  
 

 Chemical ID:     P090188                                                               Reviewer: Delpire 
   

Results Table: Dose, Concentration, and Days Exceeded Results Summary 
 

Exposure Scenario1 Water Landfill Stack Air Fugitive Air 
Release activity(ies)2; 
exposure 
calculation(s)3 

Drinking Water Fish Ingestion 
7Q104 

CC=1 

PDM 
Days 

Exceeded
LADD ADR LADD ADR LADD 

ADR LADD ADR LADD 

mg/kg/day mg/kg/day mg/kg/day mg/kg/day μg/l # Days mg/kg/day mg/kg/day mg/kg/day mg/kg/day mg/kg/day 

PROC: max ADR, 
max LADD, max 
acute eco, PDM 

--- --- --- --- --- --- 1.16E-04 4.80E-04 2.74E-05 4.82E-03 1.10E-04

USE: max ADR, max 
acute eco, PDM1 --- --- --- --- --- --- --- 1.25E-04 --- 1.78E-03 --- 

USE: PDM2 --- --- --- --- --- --- --- --- --- --- --- 

USE: max LADD --- --- --- --- --- --- 8.51E-06 --- 2.82E-06 --- 4.54E-06
1 Exposure scenario titles consist of release activity followed by exposure calculation abbreviation. 
2 Release activities are from engineering report's Manufacturing (Mfg), Processing (Proc) and Use release activity 
labels. 
Multiple release activities are combined in one exposure scenario if their releases occur at same location. 
3 Exposure calculations are Acute Dose Rate (ADR), Lifetime Average Daily Dose (LADD), and Probabilistic 
Dilution Model (PDM).  There may be one, two, or all three exposure calculations per exposure scenario. 
CC is the aquatic concentration of concern. 
4 This column displays concentration values for the 7Q10 streamflow, which is defined as the average streamflow of 
the 7 consecutive days of lowest flow within a 10 year period. 
 
Remarks:  This is a bounding “what if” scenario assuming 100% removal in wastewater treatment, 100% 
sorption to wastewater treatment sludge, rapid migration to groundwater, 0% destruction in incineration, 
BCF=5000, and COC=1ppb. 
 

Exposure Based Criteria 
 

Parameter Exp Based Persistent Exceedance Value 
Drinking (Surface) Water Dose (mg/kg/day) N/A No   
Fish Ingestion Dose (mg/kg/day) N/A No   
Inhalation Dose (mg/kg/day) N/A Yes 4.82E-03 
Groundwater Dose (mg/kg/day) N/A No  
Surface Water Release After Treatment (kg/yr) N/A No   
Total Release After Treatment (kg/yr) N/A No   
 
Fate test recommendations:  Please see the May 15, 2009 memorandum from Jed Costanza to Kristan 
Markey for EAB’s fate test recommendations. 
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STANDARD REVIEW EXPOSURE REPORT 
 
 

Chemical ID: P090188        Assessor: Delpire 

ENVIRONMENTAL RELEASES 

 Scenario#:1        Number of Release Sites:            

 Release Activity: PROC: max ADR, LADD, PDM 

 Release Description: WATER LANDFILL 

Non-sludge/Sludge  

STACK FUGITIVE 

Total Releases:     

 (kg/yr) (kg/yr) (kg/yr) (kg/yr) 

     

  Non-sludge/Sludge   

Release Days/yr:     

Per Site Release:     

 (kg/site/day) (kg/site/day) (kg/site/day) (kg/site/day) 

 
Remarks:   
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STANDARD REVIEW EXPOSURE REPORT 
 
               Chemical ID: P090188 
 

SIC-CODE BASED  HUMAN AND AQUATIC EXPOSURES TO SURFACE WATER RELEASES 

SCENARIO #: 1 Number of Sites:  RELEASE ACTIVITY:PROC: 
max ADR, LADD, PDM 

SIC-CODE DESCRIPTION:  

SIC-CODE (S):  EXPOSED POPULATION: Adult 

 

WWT  
REMOVAL 

(%) 

 
RELEASE 

DAYS 

PRETREATMENT 
RELEASE 

(kg/site/day) 

POSTTREATMENT 
RELEASE 

(kg/site/day) 

DWT 

(%) 

 
BCF 

(L/kg)  

100.00                     

 
 

AQUATIC EXPOSURE ESTIMATES - SURFACE WATER 

PLANT 
TYPE 

% ILE 
FACILITY 

STREAM FLOW (MLD) STREAM CONC. (μg/l) 

  Harmonic 
Mean 

 
30Q5 

 
7Q10 

 
1Q10 

Harmonic 
Mean 

 
30Q5 

 
7Q10 

 
1Q10 

ALL 50         

ALL 10         

 
 

DRINKING WATER AND FISH INGESTION EXPOSURE ESTIMATES 

 
Exposure Units 

Drinking Water Results Drinking 
Water Units

 
Fish Ingestion Results 

Fish 
Ingestion 

Units 

 50% 10%  50% 10%  

Cancer 

LADDpot  N/A N/A mg/kg/day N/A N/A mg/kg/day 

LADCpot  N/A N/A mg/L N/A N/A mg/kg 

Acute 

ADRpot  N/A N/A mg/kg/day N/A N/A mg/kg/day 

 
 

SIC Code Comments:  
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STANDARD REVIEW EXPOSURE REPORT 
 
               Chemical ID:  P090188 
 

SIC CODE EXPOSURES TO SURFACE WATER RELEASES 

SCENARIO #: 1 RELEASE ACTIVITY: PROC: max ADR, LADD, PDM 

SIC CODE DESCRIPTION:  

ASSOCIATED SIC CODES:  

SIC CODE RESULTS 

 

COC (μg/L) 

Percent of 
Year COC 
Exceeded 

Number of 
Days COC 
Exceeded 

Release 
days/year 

Loading 
(kg/site/day) 

Waste Water 
Treatment (%) 

High/Avg 
Analysis 

1.00 0 0   100.00 High 
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STANDARD REVIEW EXPOSURE REPORT 
Chemical ID: P090188 
 

DRINKING WATER EXPOSURE ESTIMATES FROM LANDFILL RELEASES 

SCENARIO #: 1 ACTIVITY: PROC: max ADR, LADD, PDM 

RELEASE DESCRIPTION:  

EXPOSED POPULATION: Adult 

 
 

 

 
 

NUMBER 
OF 

SITES 

NON-SLUDGE 
LANDFILL 

RELEASE AND 
DAYS OF 
RELEASE  

(kg/site/day)/(days) 

 LANDFILLED 
SLUDGE1  

AND DAYS OF 
RELEASE 

(kg/site/day)/(days)

 
MIGRATION 

DESCRIPTOR2

ADSORPTION 
TO 

WASTEWATER 
SLUDGE 

 (%) 

DRINKING 
WATER 

TREATMENT 
 (%) 

              100.00 0.00 

 

                1     Landfilled sludge equals the fraction adsorbed to wastewater treatment sludge times the surface            
               water pre-treatment release. 
  

                2  Migration Descriptor  Log Koc  Groundwater Concentration (GWC) 
       (mg/L per kg release) 
 Negligible   no migration  None 

Negligible to slow   > 4.5   3.21E-6  
Slow     <4.5 to 3.5  2.67E-5  
Moderate    <3.5 to 2.5  5.95E-5  
Rapid     <2.5   7.55E-5  
 
 

 
      
 

 
        Exposure Units 

 
Results 

ASSUMPTIONS 

ED 
(years) 

AT 
(years) 

BW 
(kg) 

IR 
 (L/day) 

Cancer 

LADDpot (mg/kg/day) 1.16E-04 30.00 75.00 71.80 1.40 

LADCpot (mg/L) 5.97E-03 30.00 75.00 NA NA 

 
 
REMARKS: 
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STANDARD REVIEW EXPOSURE REPORT 
Chemical ID: P090188 

 

INHALATION EXPOSURE ESTIMATES (POST-TREATMENT) 

SCENARIO #: 1 RELEASE ACTIVITY:PROC: max ADR, LADD, PDM 

RELEASE DESCRIPTION:  

METHOD OF CALCULATION: Screen3 

EXPOSED POPULATION: Adult 

 

Number of Sites:     

Per Site Fugitive Release:  kg/site/day 

Fugitive Release Days per Year:  days 

% Removal via Fugitive Release:  % 

Total Fugitive Release:  kg/yr 

Max Annual Average Air Concentration 
(Fugitive): 

 µg/m3 

Max 24 Hour Average Air 
Concentration(Fugitive): 

 µg/m3 

Per Site Stack Release:  kg/site/day 

Stack Release Days per Year:  days 

% Removal via Stack Release:  % 

Total Stack Release:  kg/yr 

Max Annual Average Air Concentration (Stack):  µg/m3 

Max 24 Hour Average Air Concentration (Stack):  µg/m3 

 
 

 
 

Exposure Units 

 
Results 
(Stack) 

 
Results 

(Fugitive) 

ASSUMPTIONS 

ED 
(years) 

AT 
(years) 

BW 
(kg) 

Inh. Rate 
(m3/hr) 

Cancer 

LADDpot (mg/kg/day) 2.74E-05 1.10E-04 30.00 75.00 71.80 0.55 

LADCpot (mg/m3) 1.49E-04 6.00E-04 30.00 75.00 NA NA 

Acute 

ADRpot (mg/kg/day) 4.80E-04 4.82E-03 NA 1 day 71.80 0.55 

 
Inhalation Comments: 
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STANDARD REVIEW EXPOSURE REPORT 
 
 

Chemical ID: P090188        Assessor:  

ENVIRONMENTAL RELEASES 

 Scenario#:2        Number of Release Sites:           

 Release Activity: USE: max ADR, PDM1 

 Release Description: WATER LANDFILL 

Non-sludge/Sludge  

STACK FUGITIVE 

Total Releases:     

 (kg/yr) (kg/yr) (kg/yr) (kg/yr) 

     

  Non-sludge/Sludge   

Release Days/yr:     

Per Site Release:     

 (kg/site/day) (kg/site/day) (kg/site/day) (kg/site/day) 

 
Remarks:   
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STANDARD REVIEW EXPOSURE REPORT 
 
               Chemical ID: P090188 
 

SIC-CODE BASED  HUMAN AND AQUATIC EXPOSURES TO SURFACE WATER RELEASES 

SCENARIO #: 2 Number of Sites:  RELEASE ACTIVITY:USE: max 
ADR, PDM1 

SIC-CODE DESCRIPTION:  

SIC-CODE (S):  EXPOSED POPULATION: Adult 

 

WWT  
REMOVAL 

(%) 

 
RELEASE 

DAYS 

PRETREATMENT 
RELEASE 

(kg/site/day) 

POSTTREATMENT 
RELEASE 

(kg/site/day) 

DWT 

(%) 

 
BCF 

(L/kg)  

100.00                      0.00 5000.00 

 
 

AQUATIC EXPOSURE ESTIMATES - SURFACE WATER 

PLANT 
TYPE 

% ILE 
FACILITY 

STREAM FLOW (MLD) STREAM CONC. (μg/l) 

  Harmonic 
Mean 

 
30Q5 

 
7Q10 

 
1Q10 

Harmonic 
Mean 

 
30Q5 

 
7Q10 

 
1Q10 

ALL 50         

ALL 10         

 
 

DRINKING WATER AND FISH INGESTION EXPOSURE ESTIMATES 

 
Exposure Units 

Drinking Water Results Drinking 
Water Units

 
Fish Ingestion Results 

Fish 
Ingestion 

Units 

 50% 10%  50% 10%  

Cancer 

LADDpot  N/A N/A mg/kg/day N/A N/A mg/kg/day 

LADCpot  N/A N/A mg/L N/A N/A mg/kg 

Acute 

ADRpot  N/A N/A mg/kg/day N/A N/A mg/kg/day 

 
 

SIC Code Comments:  
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STANDARD REVIEW EXPOSURE REPORT 
 
               Chemical ID:  P090188 
 

SIC CODE EXPOSURES TO SURFACE WATER RELEASES 

SCENARIO #: 2 RELEASE ACTIVITY: USE: max ADR, PDM1 

SIC CODE DESCRIPTION:  

ASSOCIATED SIC CODES:  

SIC CODE RESULTS 

 

COC (μg/L) 

Percent of 
Year COC 
Exceeded 

Number of 
Days COC 
Exceeded 

Release 
days/year 

Loading 
(kg/site/day) 

Waste Water 
Treatment (%) 

High/Avg 
Analysis 

1.00 0 0   100.00 High 
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STANDARD REVIEW EXPOSURE REPORT 
Chemical ID: P090188 

 

INHALATION EXPOSURE ESTIMATES (POST-TREATMENT) 

SCENARIO #: 2 RELEASE ACTIVITY:USE: max ADR, PDM1 

RELEASE DESCRIPTION:  

METHOD OF CALCULATION: Screen3 

EXPOSED POPULATION: Adult 

 

Number of Sites:     

Per Site Fugitive Release:  kg/site/day 

Fugitive Release Days per Year:  days 

% Removal via Fugitive Release:  % 

Total Fugitive Release:  kg/yr 

Max Annual Average Air Concentration 
(Fugitive): 

 µg/m3 

Max 24 Hour Average Air 
Concentration(Fugitive): 

 µg/m3 

Per Site Stack Release:  kg/site/day 

Stack Release Days per Year:  days 

% Removal via Stack Release:  % 

Total Stack Release:  kg/yr 

Max Annual Average Air Concentration (Stack):  µg/m3 

Max 24 Hour Average Air Concentration (Stack):  µg/m3 

 
 

 
 

Exposure Units 

 
Results 
(Stack) 

 
Results 

(Fugitive) 

ASSUMPTIONS 

ED 
(years) 

AT 
(years) 

BW 
(kg) 

Inh. Rate 
(m3/hr) 

Cancer 

LADDpot (mg/kg/day) 7.94E-07 4.54E-06 30.00 75.00 71.80 0.55 

LADCpot (mg/m3) 4.32E-06 2.47E-05 30.00 75.00 NA NA 

Acute 

ADRpot (mg/kg/day) 1.25E-04 1.78E-03 NA 1 day 71.80 0.55 

 
Inhalation Comments: 
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STANDARD REVIEW EXPOSURE REPORT 
 
 

Chemical ID: P090188        Assessor:  

ENVIRONMENTAL RELEASES 

 Scenario#:3        Number of Release Sites:           

 Release Activity: USE: PDM2 

 Release Description: WATER LANDFILL 

Non-sludge/Sludge  

STACK FUGITIVE 

Total Releases:     

 (kg/yr) (kg/yr) (kg/yr) (kg/yr) 

     

  Non-sludge/Sludge   

Release Days/yr:     

Per Site Release:     

 (kg/site/day) (kg/site/day) (kg/site/day) (kg/site/day) 

 
Remarks:   
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STANDARD REVIEW EXPOSURE REPORT 
 
               Chemical ID: P090188 
 

SIC-CODE BASED  HUMAN AND AQUATIC EXPOSURES TO SURFACE WATER RELEASES 

SCENARIO #: 3 Number of Sites:  RELEASE ACTIVITY:USE: 
PDM2 

SIC-CODE DESCRIPTION:  

SIC-CODE (S):  EXPOSED POPULATION: Adult 

 

WWT  
REMOVAL 

(%) 

 
RELEASE 

DAYS 

PRETREATMENT 
RELEASE 

(kg/site/day) 

POSTTREATMENT 
RELEASE 

(kg/site/day) 

DWT 

(%) 

 
BCF 

(L/kg)  

100.00                   0.00 5000.00 

 
 

AQUATIC EXPOSURE ESTIMATES - SURFACE WATER 

PLANT 
TYPE 

% ILE 
FACILITY 

STREAM FLOW (MLD) STREAM CONC. (μg/l) 

  Harmonic 
Mean 

 
30Q5 

 
7Q10 

 
1Q10 

Harmonic 
Mean 

 
30Q5 

 
7Q10 

 
1Q10 

ALL 50         

ALL 10         

 
 

DRINKING WATER AND FISH INGESTION EXPOSURE ESTIMATES 

 
Exposure Units 

Drinking Water Results Drinking 
Water Units

 
Fish Ingestion Results 

Fish 
Ingestion 

Units 

 50% 10%  50% 10%  

Cancer 

LADDpot  N/A N/A mg/kg/day N/A N/A mg/kg/day 

LADCpot  N/A N/A mg/L N/A N/A mg/kg 

Acute 

ADRpot  N/A N/A mg/kg/day N/A N/A mg/kg/day 

 
 

SIC Code Comments:  
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STANDARD REVIEW EXPOSURE REPORT 
 
               Chemical ID:  P090188 
 

SIC CODE EXPOSURES TO SURFACE WATER RELEASES 

SCENARIO #: 3 RELEASE ACTIVITY: USE: PDM2 

SIC CODE DESCRIPTION:  

ASSOCIATED SIC CODES:  

SIC CODE RESULTS 

 

COC (μg/L) 

Percent of 
Year COC 
Exceeded 

Number of 
Days COC 
Exceeded 

Release 
days/year 

Loading 
(kg/site/day) 

Waste Water 
Treatment (%) 

High/Avg 
Analysis 

1.00 0 0   100.00 High 
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STANDARD REVIEW EXPOSURE REPORT 
 
 

Chemical ID: P090188        Assessor:  

ENVIRONMENTAL RELEASES 

 Scenario#:4        Number of Release Sites:           

 Release Activity: USE: max LADD 

 Release Description: WATER LANDFILL 

Non-sludge/Sludge  

STACK FUGITIVE 

Total Releases:     

 (kg/yr) (kg/yr) (kg/yr) (kg/yr) 

     

  Non-sludge/Sludge   

Release Days/yr:     

Per Site Release:     

 (kg/site/day) (kg/site/day) (kg/site/day) (kg/site/day) 

 
Remarks:   
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STANDARD REVIEW EXPOSURE REPORT 
 
               Chemical ID: P090188 
 

SIC-CODE BASED  HUMAN AND AQUATIC EXPOSURES TO SURFACE WATER RELEASES 

SCENARIO #: 4 Number of Sites:  RELEASE ACTIVITY:USE: max 
LADD 

SIC-CODE DESCRIPTION:  

SIC-CODE (S):  EXPOSED POPULATION: Adult 

 

WWT  
REMOVAL 

(%) 

 
RELEASE 

DAYS 

PRETREATMENT 
RELEASE 

(kg/site/day) 

POSTTREATMENT 
RELEASE 

(kg/site/day) 

DWT 

(%) 

 
BCF 

(L/kg)  

100.00                     0.00 5000.00 

 
 

AQUATIC EXPOSURE ESTIMATES - SURFACE WATER 

PLANT 
TYPE 

% ILE 
FACILITY 

STREAM FLOW (MLD) STREAM CONC. (μg/l) 

  Harmonic 
Mean 

 
30Q5 

 
7Q10 

 
1Q10 

Harmonic 
Mean 

 
30Q5 

 
7Q10 

 
1Q10 

ALL 50         

ALL 10         

 
 

DRINKING WATER AND FISH INGESTION EXPOSURE ESTIMATES 

 
Exposure Units 

Drinking Water Results Drinking 
Water Units

 
Fish Ingestion Results 

Fish 
Ingestion 

Units 

 50% 10%  50% 10%  

Cancer 

LADDpot  N/A N/A mg/kg/day N/A N/A mg/kg/day 

LADCpot  N/A N/A mg/L N/A N/A mg/kg 

Acute 

ADRpot  N/A N/A mg/kg/day N/A N/A mg/kg/day 

 
 

SIC Code Comments:  
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STANDARD REVIEW EXPOSURE REPORT 
Chemical ID: P090188 
 

DRINKING WATER EXPOSURE ESTIMATES FROM LANDFILL RELEASES 

SCENARIO #: 4 ACTIVITY: USE: max LADD 

RELEASE DESCRIPTION:  

EXPOSED POPULATION: Adult 

 
 

 

 
 

NUMBER 
OF 

SITES 

NON-SLUDGE 
LANDFILL 

RELEASE AND 
DAYS OF 
RELEASE  

(kg/site/day)/(days) 

 LANDFILLED 
SLUDGE1  

AND DAYS OF 
RELEASE 

(kg/site/day)/(days)

 
MIGRATION 

DESCRIPTOR2

ADSORPTION 
TO 

WASTEWATER 
SLUDGE 

 (%) 

DRINKING 
WATER 

TREATMENT 
 (%) 

             100.00 0.00 

 

                1     Landfilled sludge equals the fraction adsorbed to wastewater treatment sludge times the surface            
               water pre-treatment release. 
  

                2  Migration Descriptor  Log Koc  Groundwater Concentration (GWC) 
       (mg/L per kg release) 
 Negligible   no migration  None 

Negligible to slow   > 4.5   3.21E-6  
Slow     <4.5 to 3.5  2.67E-5  
Moderate    <3.5 to 2.5  5.95E-5  
Rapid     <2.5   7.55E-5  
 
 

 
      
 

 
        Exposure Units 

 
Results 

ASSUMPTIONS 

ED 
(years) 

AT 
(years) 

BW 
(kg) 

IR 
 (L/day) 

Cancer 

LADDpot (mg/kg/day) 8.51E-06 30.00 75.00 71.80 1.40 

LADCpot (mg/L) 4.37E-04 30.00 75.00 NA NA 

 
 
REMARKS: 
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STANDARD REVIEW EXPOSURE REPORT 
Chemical ID: P090188 

 

INHALATION EXPOSURE ESTIMATES (POST-TREATMENT) 

SCENARIO #: 4 RELEASE ACTIVITY:USE: max LADD 

RELEASE DESCRIPTION:  

METHOD OF CALCULATION: Screen3 

EXPOSED POPULATION: Adult 

 

Number of Sites:    

Per Site Fugitive Release:  kg/site/day 

Fugitive Release Days per Year:  days 

% Removal via Fugitive Release:  % 

Total Fugitive Release:  kg/yr 

Max Annual Average Air Concentration 
(Fugitive): 

µg/m3 

Max 24 Hour Average Air 
Concentration(Fugitive): 

 µg/m3 

Per Site Stack Release:  kg/site/day 

Stack Release Days per Year:  days 

% Removal via Stack Release:  % 

Total Stack Release:  kg/yr 

Max Annual Average Air Concentration (Stack):  µg/m3 

Max 24 Hour Average Air Concentration (Stack): µg/m3 

 
 

 
 

Exposure Units 

 
Results 
(Stack) 

 
Results 

(Fugitive) 

ASSUMPTIONS 

ED 
(years) 

AT 
(years) 

BW 
(kg) 

Inh. Rate 
(m3/hr) 

Cancer 

LADDpot (mg/kg/day) 2.82E-06 4.54E-06 30.00 75.00 71.80 0.55 

LADCpot (mg/m3) 1.54E-05 2.47E-05 30.00 75.00 NA NA 

Inhalation Comments: 
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